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If anomalous beings are created, if their 
deviations are the effects of disturbances and adverse 
influences happening during the course of development
......  another subject for research presents itself,
a subject important, immense and capital: the
determination of causes.
Saint-Hilaire. 1836.
Let us not forget that hypothesis, however 
ingenious, however reasonable it may be, is not science. 
Where then shall we find the elements of teratology? 
Since direct observation cannot procure them, it is 
necessary to seek them by experiment.
Laxeste. 1877«
TABLE OF CONTENTS
In trod u ction  ...................................................................................................................  i v
PART I .  LITERATÜBE REVIEW
Chapter 1 C hronological Review o f  Studies on the B io lo g ic a l
E ffe c ts  o f  In d ig o fera  sp ica ta  ................................................ 1
C hronological Summary ( In d ig o fera  sp ica ta ) ...................  24
Chapter 2 Congenital C le ft  Palate -  H is to r ic a l Development . . 26
C hronological Summary (C le ft  P a l a t e ) ............................... 61
Chapter 3 Review o f  P a latine Embryology . . .........................................  64
Chapter 4 C hronological Review o f  the Experimental Production
o f  C le ft  P a l a t e .........................................................................  75
Summary (Experimental C le ft  P a late  T eratogenesis) . . 133
PART I I .  MATERIALS ARP METHODS
Chapter 5 D eta ils  o f  In dosp icine A dm inistration and
Experimental Animals U s e d ......................................................138
Chapter 6 Techniques used in  the In v estig a tion  o f  In dosp icin e
Em bryopathy..................................................................................... 15I
PART I I I .  RESULTS
Chapter 7 Experiments to  In vestig a te  the T eratogenic
P oten tia l o f  I n d o s p i c i n e ...................................................... 163
Chapter 8 Dose-Response Studies o f  the Teratogenic and
Embryopathie E ffe c ts  o f  In dosp icin e  ......................................  I 68
Chapter 9 Experiments to  d e fin e  the (Qualitative Morphology
o f  Bones from In dosp icine-in du ced  C le ft  P a late . . .  180
Chapter 10 A Study o f  the D e fin it iv e  Lesion o f  In d osp ic in e -
induced C le ft  Palate .....................................................................  193
X
201
232
254
270
280
298
325
333
343
349
357
369
388
401
415
425
Serial Investigations of the Morphogenesis of 
Indospioine-induced Cleft Palate ..................
Lateral Cephalometry ..............................
(Qualitative and Cephalometric Studies of the Norma 
Basali3 ............................................
Effects of Indospicine on Poetai Size ..............
Effects of Indospicine on the Placenta ............
Experiments to Investigate Modifying Factors which 
influence the Embryopathie Effects of Indospicine • •
Amniotic Fluid Studies . . . . .  ..................
Histological Changes in Foetal Viscera following 
Indospicine Administration ........................
Studies of the Effects of Indospicine on the 
Umbilical Cords of Foetuses with Cleft Palate . . . .
Histological Changes in Maternal Tissues . . . . . .
Farther Experiments Relating to Indospicine 
Uranoschitogenesis ................................
PART IV. DISCUSSION
Site-specificity of Indospicine Teratogenesis . . . •
Structure-Activity Relationships ..................
Palate Development - The Use of Indospicine in its 
Experimental Study ......................  . . . . .
Significance of Changes in Extra-palatine Organs 
and their Relationship to Indospioine-induced 
cleft palate ......................................
A Unifying Concept ................................
ii
PART V.
Abstract........................... * ............................... 436
Appendix 1 ............................................................. 439
Appendix 2 ............................................................. 440
Appendix 3 ............................................................. 441
Appendix 4 • • • ........................................................ 442
Acknowledgments ..........................................  . . . . .  443
Bibliography......................................................... 444
iii
INTRODUCTION
With, the increasing realization of the importance of environmental 
teratogens it has become necessary to establish experimental models which 
are accurate phenooopies of human congenital abnormalities.
One of the more prevalent congenital abnormalities of consequence 
in Australia is cleft palate. Detailed genetic analyses of the pedigree 
charts of such affected individuals have shown conclusively that non­
gene tic influences are responsible for the great majority of cases of 
human cleft palate.
The constant search for such environmental teratogenic agents and 
the subsequent analysis of their properties, their mode of aotion at the 
cellular and sub-cellular level and their pathogenetic mechanisms are 
the responsibilities of the experimental teratologist. Many different 
experimental manipulations of the environment of mammalian embryos are 
known to cause cleft palate, but almost all do so as one facet of a more 
widespread non-specific embryopathy indisoriminantly involving many 
organs. This type of teratogenic manipulation, although of great 
fundamental significance, does not induce an acceptable experimental 
phenooopy of the human lesion which occurs as an isolated phenomenon in 
a significant percentage of oases.
This thesis embodies the results of experimental Investigations 
undertaken to study the teratogenic and other embryopathic effects of 
indospicine, a toxin obtainable from the leguminous plant Indigofera 
spicata. Indospicine is an amidine derivative of an alpha amino acid,
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of molecular composition and configuration which has been recently 
defined, and which is obtainable in pure form.
In these investigations it has been shown that indospicine is a 
mammalian site-specific uranoschitic teratogen and, as such, its 
discovery is perhaps significant in that it allows one to produce 
selectively an exact phenocopy of human cleft palate under strictly 
controlled experimental conditions.
Indigofera spicata is a nitrogen-fixing legume which has very 
desirable botanioal properties for pasture improvement in the hot, dry, 
and arid parts of Australia. It is palatable to grazing animals and has 
a very high protein oontent. Its habitus is low and creeping, with the 
result that it is not easily damaged by animal grazing, and recovers 
quickly.
The exploitation of these desirable botanical and agricultural 
properties of Indigofera spicata has been frustrated, however, because 
it has been found that certain strains of the plant produce two important 
side-effects in animals that ingest the plant in significant quantities.
Firstly, the plant causes toxic liver damage of an unusual and 
highly specific type. Acute hepatic necrosis follows its ingestion and 
the regeneration that ensues may result in a lesion resembling human 
cirrhosis. For this reason the toxin promises to be a valuable research 
tool in the experimental production of pre-cirrhosis in test animals.
Secondly, the toxin produces abortion in pregnant animals which 
ingest it. A toxin may manifest an abortifacient action in one of two 
ways; either it may act as a para-oxytocio uterine stimulant with
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resultant expulsion of the products of conception, or it may act 
teratogenically producing an embryopathy which is embryolethal with 
subsequent abortion of the dead embryo or foetus.
An investigation of the hepatotoxic properties of this toxin had 
been undertaken in this University by Professor G.S. Christie with the 
assistance of Mr. C. Davidson of St. Bartholomew's Hospital, London.
During the course of these studies indospicine was administered to 
several pregnant rats to test for possible teratogenicity. Several 
foetuses in a single litter were observed to have cleft palate.
In view of this finding, and of the abortifacient effect of the 
toxin, it was decided to subject indospicine to full teratological 
investigation. In addition, it was known that other hepatotoxic agents, 
heliotrine for example, could act as mammalian teratogens. This 
investigation of the teratogenic effects of the toxin has formed the 
central theme of this thesis.
In these experiments, it has been demonstrated that indospicine is 
particularly suitable for the investigation of uranoschitogenic mechanisms 
for several reasons. Firstly, it is teratogenically active when 
administered in a single dose. Secondly, in uranoschitogenic 
concentrations it produces very little maternal morbidity and no 
mortality. Thirdly, it is site-specific in action, the only congenital 
morphological lesion resulting from its administration being cleft 
palate. This finding is of fundamental interest. Fourthly, it produces 
a very high incidence of embryos with cleft palate, thus making it a 
practical research tool. Finally, it is embryolethal in teratogenic
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closes in only a very small percentage of cases.
The specific aims of the teratological experiments described in 
this thesis have been, firstly, to investigate the teratogenic potential 
of indospicine in experimental animals; secondly, to define accurately 
and to study the congenital abnormalities and other embxyopathogenic 
effects so produced; thirdly, to establish temporal and quantitative 
dosage effects; and, finally, to investigate the pathogenesis of 
indospioineMinduced cleft palate.
This work has had a further stimulus. It is known that indospicine 
is heat stable at low pH, and in addition, there is a strong suspicion 
that it might be stored in the liver of animals grazing on Indigofera 
spicata. As the plant, or one of its artificially-induced mutant strains, 
is likely to be introduced into this country in the foreseeable future 
it is obligatory that we understand the full spectrum of its biological 
toxicity before human ingestion of its toxic component becomes a 
possibility.
To place the current study in perspective, a representative 
literature review of the communications relating to the development 
of knowledge of the causes of cleft palate has also been included.
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L I T E R A T U R E  R E V I E W
CHAPTER 1.
Chronological Review of Studies on the Biological Effects 
of Indigofera spicata«
Indigofera spicata was first named, described, and classified by 
Forsskal in his "Flora Aegyptiaco-Arabica" in 1775* Thirteen years 
later, von Jacquin redescribed the plant as Indigofera hendeoaphylla; 
however, this taxonomic nomenclature was copied erroneously by Monnet 
de Lamarck in his "Encyclopedie Methodique Botanique" in which the plant 
was termed Indigofera endecaohylla. This terminology remained in 
universal usage until 1958, when Gillett, working at the Kew Herbarium, 
reclassified the several hundred known species in the genus and 
standardized the nomenclature of this particular member as Indigofera 
spicata Forssk.
The following critical review incorporates only those contributions 
relevant to the pathogenic properties of itB toxic components, including 
biological effects in experimental animals. Pertinent references to 
identical pharmacological properties observed in the related Australian 
species, Indigofera australis Willd.. have also been included.
1.
In 1891» the A g r ic u ltu r a l G azette o f  New South Wales reported  th a t 
the w ild  indigo p la n t, In d ig o fe ra  a u s t r a l is  W illd . . caused to x ic  symptoms 
in  stock consuming i t  as a fodder and p astu re  supplement fo r  the f i r s t  
tim e. Soon a ft e r  a r r iv a l  a t Colo V ale , where the legume was observed to 
be growing p le n t i f u l ly ,  pregnant cows and pregnant mares without 
exception  "s lip p ed  th e ir  progeny prem aturely". This a b o rtifa c ie n t e f f e c t  
disappeared, however, a f t e r  the animals had become used to e a tin g  the 
p la n t, and a f t e r  se v e ra l months even pregnant animals were observed to 
be q u ite  to le ra n t o f the e f f e c t s  o f  w ild  in d igo . The nature o f i t s  
other to x ic  e f f e c t s  was not rep orted .
The un certain  nature o f  i t s  t o x ic i t y  was not in v e stig a te d  fu rth e r  
u n til  C leland ( 19H ) reported  h is  fin d in g s o f a s in g le  feed in g  experiment 
u sin g  In d igo fera  a u s t r a l is  le a v e s . He reported  th a t in  almost a l l  cases 
the legume was q u ite  harm less and th at e a r l ie r  rep orts  o f to x ic it y  could 
not be su b sta n tia ted . He used a s in g le  c a l f  and fed  between s ix  ounces 
to  th ir t y  ounces o f Indigofe r a  l e a f  d a ily  to  i t .  No i l l  e f fe c t s  were 
n o ticed  and no autopsy weis performed. Commenting la t e r  on Ramsay*s 
statem ents (1924) th at the p la n t was oyanogenetic, Cleland acknowledged 
th at o c c a sio n a lly  the p la n t might conteiin hydrocyanic acid  which would 
exp lain  the o ccasion al t o x ic i t y  reported  and th at "when s p e c ia lly  
lu x u ria n t may g iv e  r i s e  to  a tendency to  hoven". Apart from th is  
concession, C leland would not acknowledge th a t the p lan t was s ig n i f ic a n t ly  
to x ic .
The f i r s t  rep o rt o f  the b io lo g ic a l  t o x ic i t y  and embryolethal e f f e c t  
o f  In d igo fera  s p ic a ta  F orssk. was made by Haarer (1926), the d i s t r i c t
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agricultural officer in Tanganyika, who forwarded, a specimen of the 
legume to the Royal Botanic Gardens at Kew, Surrey. He noted on the 
collector's label that the plant was said to cause abortion in cattle.
In 19 2 9, Pinnemore (Chairman of the Poison Plants Committee of 
New South Wales) reported that, in spite of the cyanogenetic content 
of Indigofera australis, feeding tests performed by the Veterinary 
Research Station at Glenfield had shown that effects commonly attributed 
to this plant were not those of hydrocyanic acid poisoning. This 
finding disagreed with the earlier teaching of Cleland (I9I4)• 
Unfortunately, no account of the symptomatology observed was reported.
Seddon and King (1930) showed that an otherwise sub-lethal dose of 
a cyanogenetic plant could be fatal if the stable HCN-containing 
glucoside was split by an appropriate enzyme found in other plants.
This finding could have explained why newly introduced animals whose 
rumens contained previously ingested flora (with cyanogenetic glycoside­
splitting enzymes) were susceptible to the supposed hydrocyanic acid 
toxicity of Indigofera australis. Mixed feeding trials confirmed Seddon 
and King's hypotheses, but such tests used other combinations of 
cyanogenetic plants and Indigofera trials were not undertaken. In spite 
of Pinnemore's earlier report (1929) it was generally held that the 
cyanogenetic component of Indigofera sp. was the cause of its noxious 
effects.
Mundy (1932), reporting on the results of Rhodesian field-trials 
using plants of potential stock fodder, noted that Indigofera endecaphvlla 
(i.e. spicata) native to Southern Rhodesia was grazed satisfactorily by
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both cattle and sheep; even after twenty-one years of grazing trial, he 
reported no ill-effects among the stock. No mention, however, was made 
of the percentage of the total diet represented by Indigofera endecaphvlla. 
This omission is of significance as it is now known that animals can 
tolerate certain minimal doses of the toxic component of the plant 
without harmful effects (Jeganathan, 1954)*
Furthermore, Mundy noted that strains of this plant introduced from 
Ceylon possessed slightly different botanical features such as more 
erect habitus and increased free-seeding properties. Using this 
introduced strain in feeding experiments with mules he showed that it 
was both palatable and nutrient. As with the native Rhodesian Indigofera 
endecaphvlla (i.e. spicata) Mundy did not report any ill-effects in the 
animals used.
Working in the Philippines, Fajardo C1934) studied the palatability 
and forage properties of Indigofera hendecaphylla (i.e. spicata). Using 
horses as the test animals he fed stems and leaves of Indigofera as a 
leguminous fodder crop in varying quantities up to twenty-eight percent 
of the total diet.
His results were similar to those of Mundy (1932), and he noted that 
"when fed to animals no bad effects are produced". He reported that even 
in higher proportions of the total diet it was readily eaten by domestic 
livestock. No reference was made to the complete rejection by stock of 
Indigofera (after early acceptance), a finding which was noted by 
subsequent workers who conducted similar forage trials.
From Tanzania (Koritschoner, 1935) it was reported that local
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natives used the root of Indigofera spicata for stomach disorders but 
that "a large dose was dangerous"; no reference to specific toxic effects 
was given.
Dalziel (1937)> of the West African Medical Service, noted that 
Indigofera endecanhvlla (i.e. spicata) was cultivated widely in West 
Tropical Africa, and, besides its use as a source of indigo dye, was a 
valuable cover crop and fodder plant. He also noted that "shuni", the 
Hausa word for the crude indigo dye, was well known among the looal 
native population as an human abortifacient. The Dictionary of the 
Hausa Language (Abraham, 1962) also includes a reference to the extract 
from Indigofera, "shuni: indigo prepared from plant baba and sold in 
cones or lumps : is used by women in hairdressing and as contraceptive 
and abortifacient".
Hy the early 1940's, therefore, it had become obvious that the 
species contained a powerful toxic component or components in addition 
to its HCN content, that one of its actions was abortifacient in type, 
and that its manifestations were geographically dissimilar and possibly 
species dependent with respect to the test animal.
Emmel and Ritchey (1941) were the first workers to test 
experimentally for possible toxicity of Indigofera spicata. Following 
the introduction of the legume to experimental stations in Rhodesia, the 
Philippines and Mayaguez (Puerto Rico), encouraging reports had prompted 
these authors to examine the desirability of its widespread introduction 
as a pasture legume into the United States. They observed that rabbits 
fed exclusively on the growing plant invariably died within six to
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seventeen days. Symptomatology prior to death inoluded mucosal pallor, 
emaciation, anorexia, and serous discharge from mucosal surfaces. Hind- 
quarter paralysis was observed in five of the twelve rabbits used in the 
experiment.
Macroscopically, the liver showed irregular congestion and pallor 
with irregular areas of necrosis. The kidneys were pale but showed 
isolated irregular areas of congestion. Microscopically, hepatic cells 
displayed severe cloudy swelling which could be seen to a lesser extent 
in renal tubular epithelium, in the adrenal, and in myocardial and 
intestinal tissues. Unfortunately, tests for hepatic and renal function 
were not performed and no observations on gestational effects were 
reported.
The first significant contribution to the literature of the 
biological properties of Indiftofera australis Willd. was made by Hurst 
(1942). She gave a concise account of the distribution, toxicity, 
symptomatology and results of feeding experiments using this plant.
Sheep were used as the test animal. She noted that the plant was indeed 
cyanogenetio (containing 0.102^ of hydrocyanic acid when green), and that, 
contrary to Cleland's findings of 1914» the plant was indeed toxic. 
Symptoms included anorexia, pyrexia, severe gastro-enteritis and 
photophobia.
Its abortifacient effect was also mentioned, but whether this was 
an original observation or a restatement of earlier reports in the 
Agricultural Gazette of New South Wales (I8 9 1) was not made clear. No 
comment was made of any examination of the products of abortion.
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Most significantly of all, autopsy findings following the feeding 
experiments were quoted. Excessive bile pigment was noted in the urine, 
and severe hepatic congestion and evidence of commencing cirrhosis was 
present} subacute glomerular and tubular nephritis were also observed.
It can thus be seen that a striking similarity of clinical effects 
and histopathological changes existed between these two different species 
within the genus Indigofera.
Reports from isolated areas still continued to be at variance with 
the toxicity reported from experimental trials. From East Africa it was 
reported that palatability trials using Indigofera endecaphylla (i.e. 
spicata) had shown that no ill-effects were present in sheep or cattle 
after small feeding tests (Bogdan, 1949)*
From Malaya it was reported that leaves and stems of Indigofera 
endecaphylla had nutritive value to stock equal to that of other cover 
crops (Teik, 1951)» and. no toxic effects resulting from its ingestion 
were observed.
Following the publication of Emmel and Ritohey's findings (1941) In 
rabbits, Rosenberg and Palafox (1950) studied the effects on chicks of 
Indigofera endecaphylla leaf meal. Using both terminal vine cuttings and 
leaf meal (both oven dried at 100°C) as ration supplements, it was shown 
that a five percent moiety in their diet was toxic to chicks. The 
effects observed included growth depression, nuchal twisting and 
retraction, lethargy, and later, decreased egg production.
Interestingly, a 1.25 percent Indigofera endecaphylla leaf meal 
inclusion stimulated growth, and caused birds to mature earlier and to
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grow to heavier weights than controls. These workers concluded that 
"creeping indigo" (a colloquial name for this plant) contained a compound 
which was toxic to poultry and which appeared to vary in concentration 
among different legume samples. The toxic response which they elicited 
physically resembled Newcastle disease during its early manifestations.
This response could be produced after seven days feeding but recovery of 
affected birds to their normal state was obtained only after three weeks 
following the return to their normal diet.
In a valuable experimental contribution to the understanding of the 
toxic action of the plant, workers at the University of Hawaii used dairy 
cows, sheep, rabbits and guinea-pigs as the test animals (Nordfeldt, Henke, 
Morita, Matsumoto, Takahashi, Younge, Willers and Cross, 1952)« They 
used Indigofera endecanhylla (i.e. spicata) both as green feed and as 
dried powdered leaf meal.
One of the most important findings was that ingestion of the 
legume caused abortion in heifers (proven free from brucellosis), sheep 
and rabbits, although» unfortunately, no comment was forthcoming 
concerning the morphology of the abortus.
In rabbits, a five percent portion of Indigofera leaf meal (added 
to eighty-five percent rabbit pellets and ten percent commercial calf 
meal) was sufficient to cause abortion and stillbirth. No foetus b o m  
to Indigofera-fed mothers retained post-partum viability. Hydrocephalus 
with dilated cerebral ventricles, and occasional comeal opacities were 
also observed in rabbits.
In cows and sheep, toxic manifestations other than abortion included
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severe emaciation, lethargy, serous mucosal discharge, ataxia, and 
"a tendency to walk in circles with heads held low". Corneal opacities 
were noted occasionally, but not invariably, in sheep.
All test animals, except guinea-pigs, which were subjected to the 
toxic effects of the legume manifested hepatic cirrhosis as one of the 
most dramatic changes observed. This cirrhotic change was first observed 
as early as three weeks after commencement of feeding.
Of all the test animals used, guinea-pigs appeared the least 
susceptible, in all respects, to the toxic effects of the plant.
Histopathological ohanges seen in the liver varied only in degree. 
The hepatocytes showed enlargement, with cytoplasmic granularity and 
vacuolation. In addition, interspersed foci of regenerating cells were 
present throughout the liver. Occasional mitoses were seen but no report 
of specific nuclear pathology was made. This omission was surprising in 
view of the dramatic changes which occur in the hepatocyte nuclei 
(Hutton, Windrum and Kratzing, 195Qb).
Other histopathological changes present included congestion of renal 
medullae, and passive congestion and oedema of the lungs.
In the same year, research teams from the Agricultural Experimental 
Station at Puerto Rico published a triad of reports on Indigofera 
endecaphylla (i.e. spicata). Firstly, it was reported that the legume 
had proved an outstanding success in field trials, being the best of 
eleven tropical legumes tested for palatability, production, and for 
animal-selected grazing time (Warmke and Freyre, 1952)« It was not 
excessively damaged by trampling or heavy grazing and recovered rapidly.
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However, mindful of the to x ic ity  reports of other centres, these 
workers were not prepared at that stage to advocate i t s  widespread 
introduction.
Secondly, Preyre and Warmke (1952) reported the f i r s t  case of 
abortions in guinea-pigs fed on a d ie t  of tr a ilin g  indigo. They 
reported that guinea-pigs maintained on a d ie t of Indigofera endecachylia 
for two hundred and ninety days produced no liv e  young; products of  
abortion at various stages of development were noted. Unfortunately, 
again no mention was made of any examination of the products of 
conception.
Thirdly, reports of a lim ited bioassay o f the tox ic components of 
" tr a ilin g  indigo" were made in the same year (Pagan and Morris, 1952).
The bioassay resu lts  were (a) that the legume contained a component that 
was toxic to both guppies and chicks, (b) that the toxic symptoms in  
chicks were incoordination, convulsions, fa ilu r e  to gain weight in  
proportion to the food consumed, and (c) that complete recovery occurred 
a fte r  removal of chicks from the to x ic  feed.
Also in 1952 Rosenberg and Zoebisch established a rapid screening- 
te s t  fo r  the toxic components of Indigofera endecaohylla. Leaves and 
young shoots were stripped from the legume and made into a meal using a 
hammermill; th is was fed continuously as a ^  food supplement to chicks 
whose growth beoame depressed, and in whom a Newcastle D isease-lik e  
syndrome developed within twenty-one days.
The affected  chicks showed eith er head and neck retraction  or 
remained immobile with heads pressed against th e ir  breasts; wing and le g
10.
muscles were a lso  p ara lysed . This symptomatology was id e n tic a l w ith 
th at produced in  ch icks by In d igo fera  in  e a r l ie r  experiments (Rosenberg 
and P ala fo x , 1950)*
Using th is  assay method, these authors concluded th a t In d igo fera  
endecaphylla and In d ig o fe ra  h ir s u ta  were the only members o f the genus 
causing to x ic  symptoms and th at the to x ic  components o f In d igofera  
endecaohylla were ten tim es as potent as those o f In d igo fera  h ir s u ta «
No referen ce  to  the l i t e r a t u r e  o f  A u stra lian  or A frican  sp ecies  o f 
In d igo fera  known to  cause to x ic  e f fe c t s  was made. Rosenberg and Zoebisch 
a lso  noted th at among nine v a r ie t ie s  o f In d igofera  endecaohylla developed 
in  geographical is o la t io n  a graduation in  t o x ic i t y  to  ch icks could be 
demonstrated. These workers a ls o  reported th at c e rta in  sp ecies o f 
In d igo fera  were growth s tim u la tin g  when fed  to  ch ick s . No mention was 
made o f macroscopic or m icroscopic examination o f t is s u e s  from ad versely  
a ffe c te d  ch ick s.
Paul (1952) recommended In d igo fera  endecaphylla as one o f the 
b est four legumes fo r  pastu re  improvement in  Ceylon, but did not mention 
any to x ic  p ro p e rties  o f  the p la n t.
However, in  the fo llo w in g  y e a r , Jeganathan ( 1953) working a t the 
V eterin ary  Research Laboratory a t  Peradeniya, Ceylon, showed th at the 
lo c a l  C ingalese v a r ie ty  was, in  f a c t ,  to x ic . Two S inh ala  b u ll  ca lv es  
were fed  on t h ir t y  percen t In d igo fera  l e a f  fo r  two weeks w ith re su lta n t 
lo s s  o f body w eight, and an in crease  in urin ary indican and albumin.
H istop ath ologica l  stu d ie s  showed th at e a r ly  damage to  l i v e r  and 
kidneys was present but no d e t a i ls  were g iven . Jeganathan considered
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that normally, in Ceylon, the quantity of Indigofera consumed in free 
pasture was well below toxic levels.
In 1953, six further reports were received from the Puerto Rico 
team. Warmke and Freyre (1953) considered the possibility that 
Indigofera-induced abortion might be caused by a vitamin or protein 
deficiency? however, after supplementing the diet of Indigofera-fed 
guinea-pigs with crude casein, wheat germ and brewer's yeast, no decrease 
in the tendency to abortion could be demonstrated. They suggested that 
the abortifacient effect was caused by a toxic factor in the legume.
Also, after cessation of its ingestion, reproduction returned to normal.
In the same year it was shown that the toxic fractions of the legume 
could be extracted with water, adsorbed onto charcoal and eluted with 
ether. A high boiling point fraction (colourless crystalline plates) 
caused paralysis and death in chickens given a five milligram dose.
(Morris and Pagan, 1953a)*
Pagan, Morris and Warmke (1953) noted that, when Indigofera 
endecaphylla was fed to New Hampshire chicks, the loss of weight which 
resulted was directly related to both the decreased quantity of food 
consumed and to the concentration of Indigofera in the diet. Guinea-pigs 
were often noted to refuse to eat the plant and starve to death. They 
concluded that some of the weight loss might be due to reduced food 
consumption caused by unfamiliarity with the diet or its low palatability, 
and was not necessarily due to toxic action.
It was also established that the toxic dose of trailing indigo was 
eight grams of dry plant material for a hundred gram chick (Pagan and
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Morris, 1953a)» Furthermore, in spite of the fact that Indigofera 
endecaphylla contained much higher levels of hydrogen cyanide than did 
most other legumes, it was established that the toxicity of the plant 
was not due to hydrogen cyanide produced by hydrolysis of cyanogenetic 
glycosides. This experimental work finally proved that the significant 
toxic component of members of this genus was not hydrogen cyanide, a 
doubt that had existed since Cleland (1914) and Ramsay (1924) had first 
demonstrated that Indigofera australis contained hydrogen cyanide in 
significant quantities.
In addition to their demonstration that HCN was not the significant 
toxic component of Indigofera endecaphylla it was shown that alkaloids 
in the plant were also not the cause of the pathological changes observed 
in animals fed upon it (Pagan and Morris, 1953a).
Subsequently, it was shown that those components of the plant toxic 
to chicks could be resolved into three separate acids (Pagan and Morris, 
1953b). The next logical step in the development of knowledge of the 
plant was to determine the chemical nature of the acidic toxins. In 
late 1953» following a series of both qualitative and quantitative 
analyses it was reported that the most toxic component of Indigofera 
endecaphylla was "almost certainly" beta-nitropropionic acid. (Morris 
and Pagan, 1953b).
These results were elaborated in a second report (Morris, Pagan 
and Warmke, 1954) in which it was finally concluded that hiptagenic 
acid, (the aglycone of hiptagin, a toxic glycoside from Hiptage 
bengbal ensis of India), was a toxic component also present in Indigofera
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spicata« These workers noted that Carter and McChesney (1949) had 
offered conclusive proof that beta-nitropropionic acid and hiptagenic 
acid were identical.
Beta-nitropropionic acid was the first organic nitro-compound to be 
isolated from plants.
Biological tests to determine whether purified beta-nitropropionic 
acid produced symptoms and signs in animals identical to those produced 
by Indigofera spicata were not undertaken. This fact was to confuse 
further researchers in this sub.iect until 1963. when it was finally 
shown by Britten and coworkers that chicks were refractory to the toxic 
effects of all components of Indigofera spicata except beta-nitropropionic 
acid.
Cooke (19 5 5) working in Hawaii independently of Morris et al. (1954) 
used comparative infra-red spectrophotometry to determine the toxic 
constituents of IndiKofera endecaphylla (i.e. spicata). He compared the 
spectrum from freshly synthesized beta-nitropropionic aoid with that from 
the crystallized juice extract from leaf and stem material. He also 
suggested that its in vivo toxicity might be increased by the concomitant 
high nitrate levels which occurred in the plant. After developing a 
rapid screening test for beta-nitropropionic acid (the proposed toxin) 
Cooke concluded that Indigofera endecaphylla had the toxic component 
in greatest concentration in the leaves.
Thom the Sigatoka Agricultural Experimental Station in Fiji, it 
was reported that, following the introduction of Indigofera endecaphylla 
in 19 5 0, no ill effects had been noted among the station dairy herd
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rotationally grazed for a period of five years on a series of pastures 
including a strip of creeping indigo (Payne and Naidu, 1955)* No reports 
of either reduced fertility or abortions were made.
Furthermore, a goat which had been tethered on a pure stand of 
creeping indigo for three weeks grew normally, "and did not react in any 
abnormal manner to the diet". This animal was in fact a wether (Everist, 
1967) so in view of later work showing that in some species, the only 
toxic effects were abortion (Yelf, 1959$ Hutton, 1964) this finding was 
not surprising.
Toxicity tests performed with chicks using diets containing five 
percent and ten percent of Indigofera endecaphylla leaf meal were 
inconclusive and Payne and Naidu (1955) reported none of the severe 
Newcastle Disease-simulating effects reported by Rosenberg and Palafox 
(1950) ami Rosenberg and Zoebisch (1952)«
In the same year, a second report from Fiji noted that after four 
years of fodder and pasture trials with Indigofera endecaphylla. the 
legume had proven to be very palatable and a vigorous grower. No mention 
was made of any anorexic effect observed by other workers (Pagan et al., 
1953$ Payne, Laing, Miles and Mason, 1955)*
Hutton, Windrum and Kratzing (1950a)» using rabbits, undertook a 
serious study of the biological toxicity of Indigofera endecaphylla.
These workers presented conclusive evidence that the toxic components 
in the plant produced a characteristic rapid hepatocyte degeneration and 
necrosis, which was subsequently followed by regeneration and fibrosis; 
the completed histopathological picture was one of post-necrotic cirrhosis.
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Furthermore, it was reported that the active toxin producing this 
hepatic damage was contained in green leaf, dried leaf, and seed alike.
Their most significant findings were (a) that beta-nitropropionic 
acid could not be detected in the seed, though present in the leaf,
(b) that differences in the amount of beta-nitropropionic acid in 
different strains of the same legume species did not cause materially 
different degrees of hepatic damage, and (c) that synthetic beta- 
nitropropionic acid, when administered orally to rabbits in dosages 
comparable to those in leaf tissue, did not produce any significant 
toxicological changes.
Hutton et al. (1958a) thus concluded that beta-nitropropionic acid 
was not the hepatotoxin in Indigofera endeoaphylla.
This finding was of immense significance as it changed the whole 
direction of the biochemical and pathological approach to the problem. 
Also, by inference, it was obvious that the hepatotoxin present was of 
a new kind and one which produced histopathological changes characteristic 
of no known substance. Unfortunately, no report of gestational effects 
was made in the paper of Hutton et al. (1958a). However, the strong 
possibility that the unidentified toxin was also the abortifacient whose 
effects had been described by earlier writers, suggests itself to the 
reader.
This paper also allowed one to rationalize the observed facts of 
Indigofera-induced abortion. If, as earlier workers had suggested, 
beta-nitropropionic acid was the probable abortifacient, one would 
have expected to find reports of an abortifacient effect of synthetic
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beta-nitropropionic acid. No such reports appeared. Thus, the finding 
that another unidentified toxin (or toxins) was in fact an aotive 
principle did not create a paradox, and left the question open.
Subsequently, this same research team showed that mice could be 
used as a suitable test animal for the hepatotoxic principle in 
Indigofera endecauhylla (Hutton, Windrum and Kratzing, 1958b)* In 
toxicity trails using seed, the severity of liver pathology correlated 
well with the percentage of ground seed introduced into the diet. The 
toxic component in the seed was heat stable at 121°C for periods of at 
least thirty minutes incubation.
In confirmation of their earlier work, they showed that a chloroform 
extract of ground seed (free from beta-nitropropionic acid) produced 
identical hepatic pathology to that which followed ingestion of the 
ground seed.
Histological examination of these murine livers showed that the 
lesions tended to be most severe towards the periphery of the lobule, 
although the clear cut peri-portal distribution noted in the rabbit liver 
was not so clearly demarcated. For the first time the dramatic changes 
in the hepatic nuclei were noted - gross nuclear swelling, chromatic 
fragmentation and occasioned intra-nuclear eosinophilic inclusions.
Fatty degeneration was a variable feature and was usually mid-zonal in 
distribution. Stromal collapse, distorted lobulation, and minimal 
fibroblastic and inflammatory cell response were present.
Following the earlier inconclusive toxicity trials in Fiji, Yelf 
(19 59) conducted a short experiment using four dairy cows fed on varying
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percentages of Indigofera endecaphylla stems and leaves. Three of the 
cows were pregnant, and a l l  aborted within seventy days of continuous 
feeding. A notable feature of each case was placental retention which 
necessitated manual removal. No mention was made in th is report of 
examination of the aborted foetuses. No severe anorexia was observed 
and no severe hepatotoxic e ffe c ts  were reported even in one cow fed on 
a f i f ty  percent Indigofera endecaphylla d ie t.
In the same year, S a s tr i (1959) in an account of the genus 
Indigofera in India, noted that Indigofera endecaphylla was readily 
eaten by ca ttle , and indeed was a rich source of vitamins A and C, an 
observation made also  by Teik (1991). No toxic e ffe c ts  were produced - 
a sign ifican t observation as th is author knew of the tox ic ity  of the 
Hawaian stra in s of the same species. S a s tr i reported also  that the 
Santals of India used the plant, apparently su ccessfu lly , (along with 
Euphobia thymifolia Linn.) as a treatment of amenorrhoea. However, 
whether th is emmenagogue e ffec t was due to the abortion of the products 
of conception within a pregnant uterus or was due rather to some oestrogen 
regulating aotion was not made c lear.
Coleman, Yifindrum and Hutton ( i 960) studied extraction methods for 
the toxic fractions from seeds and leaves of Indi&ofera sp ica ta . Using 
cation-exchange resins they showed that the toxic principle appeared to 
be le ss  concentrated in the leaves than in the seed. I t  was demonstrated 
that toxic extracts could be prepared with eighty percent ethanol and 
mild acid and a lk a li solvents but that prolonged ether extracts of seed 
contained no measurable tox ic ity .
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Perhaps the most sign ifican t feature of their work was their use 
of microscopic evidence of hepatic lesions, in Rodentia, as the criterion  
of to x ic ity . Long term ingestion by mice of a two percent seed-in-meal 
mixture resulted in no appreciable liv e r  damage. No investigation of 
i t s  possible abortifacient e ffect was undertaken.
Prom Kenya a short observation was made noting that Indigofera 
spicata was grazed by a ll  domestic stock and that the Masai chewed the 
roots as a cough remedy (Glover, Gwynne and Samuel, 1961). No 
concomitant reports of any toxic effects were given.
In 1962, Watt and Breyer-Brandwijk noted that in Portuguese East 
Africa, natives on the Swaziland border used a decoction of the Indigofera 
root as a remedy for metrorrhagia. This intriguing report was not 
elaborated and no suggestion of possible action on uterine tissue was 
offered.
I t  w ill be recalled that following the finding of Hutton et a l . 
(1958a), that Indigofera seed was devoid of beta-nitropropionic acid, the 
obvious question that remained unanswered was what was the e ffe ct on 
chicks of the unknown toxin (or toxins) in the plant. This answer was 
fin a lly  given by Britten, Palafox, Prodyma and Lynd (1963) who published 
experimental results which explained many uncertainties.
Using chicks, they established unequivocally that a profoundly 
sign ifican t species sp e c ific ity  existed with respect to the toxic 
components of Indigofera spicata. They showed that, whereas chicks were 
highly susceptible to the beta-nitropropionic acid moiety, they were 
refractory to the biological effects  of the other toxic components of
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the plant.
Indigofera spicata seed, when fed to chicks, caused neither 
inhibition of weight gain nor microscopic lesions in brain, liver or 
kidneys. This finding thus explained the apparent inconsistency of 
earlier findings reported by Cooke (1955)> Morris et al. (1954) and 
Hutton et al. (l958aj 1958b), and allowed logical progression in 
further experimentation to proceed from an unequivocal base.
Kingsbury (1964) noted that the acute toxic effects of Indigofera 
spicata in adult cattle had been abortion and post-partum pathological 
vulvar swelling. Ho other effects, apart from abnormal variations in 
weight gain, had been observed in mature cows. This report was made 
in spite of earlier reports to the contrary by Jeganathan (1953)*
Kingsbury also reported that dead or weak calves were produced 
occasionally at full-term. More frequently, however, they were still­
births up to one hundred days premature. These observations were made 
on pregnant animals pastured on Indigofera for twenty-five days or 
longer.
Stimulated by the many desirable properties of the plant for 
pasture improvement, Hutton (1964a) published the results of early 
experiments in plant breeding which had, as their aim, the production 
of a toxin-free hybrids and mutants. He noted that a toxin-free diploid 
(2n - 16) type of Indigofera spicata could be crossed with the vigorous 
(but toxic) tetraploid (2n = 32) strain of the identical species from 
South America. Recalling the animal species specificity of the 
unidentified hepatotoxin found in the plant, he employed biological
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testin g using murine hepato-toxicity as the assay method. No satisfactory- 
toxin- free hybrid was produced.
Further results were published la te r  in the same year when he 
reported that attempts to produce non-toxic mutants of Indigofera spicata
6oby Co emission gamma-irradiation of seed were in progress (Hutton, 
1964b). Legume-breeding projects crossing stoloniferous types from 
Ceylon with less toxic non-stoloniferous strains from West África had 
resulted in a high s t e r il i t y  rate in the F^  generation -  an indication  
of sub-speciation. This finding explained in part the great diversity  
of c lin ic a l effects produced by the plant in different countries.
In the same year i t  was again reported that certain species of 
Indigofera had been shown to contain a liv e r  toxin and to have caused 
abortion in mice, but no details of this e ffect on gestation were given 
(Franklin, 1964)*
Mcllroy ( 1964) reported that Indigofera endeoaphylla ( i .e .  spicata) 
had been introduced as a successful pasture legume to Hawaii, Southern 
Khodesia, Malaya and Trinidad; he made no mention of any of the to x icity  
reports of other workers from these centres. He incorreotly stated that 
i t  had been used successfully in Queensland, and also misleadingly 
reported that i t  had shown promise as a pasture legume in tropical 
Australia.
Prompted by the species s p e c ific ity  reports and by the observed 
effects  of beta-nitropropanoic acid on chicks, Finnegan and Mueller (1965) 
undertook a meticulous and comprehensive analysis of the subcomponents of 
the extract from Indigofera endecaphylla.
21.
Using s i l i c a  g e l chromatography they is o la te d  f i f t e e n  compounds 
from the crude e x tr a c t ,  in clu d in g  b eta-n itrop ro pan o ic a c id , e th y l 
b eta-n itrop ro p an o ate, su cc in ic  a c id , methyl beta-I>*glucopyranoside 
and a s e r ie s  o f endecaphyllins ( 1 , A, A^, Ag, B, B^, C, , D, E and X). 
No b io lo g ic a l  te s t in g  o f  the variou s subcomponents was undertaken.
I t  remained fo r  Hegarty (1966) to  f i n a l ly  is o la t e  the pure 
c r y s t a l l in e  to x in  which he c a lle d  “ in d osp icin e” , a terra derived  from 
both gen eric and s p e c i f ic  names. He showed th a t the compound behaved 
as a ca tio n  on an ion exchange r e s in  and th at i t  was an alpha amino 
a cid . C h a r a c te r is t ic  h ep atic  le s io n s  in  mice were obtained fo llo w in g  
the in je c t io n  o f the p u r if ie d  to x in  (Pound, I966).
The review er has fu rth e r  exp e r  imen t  a l l y  in v e s tig a te d  the to x ic  
e f f e c t s  o f in d osp icin e in  r a ts  and the te ra to g en ic  and em bryolethal 
e f fe c t s  are d isoussed in d e t a i l  in  the ensuing ch ap ters.
In summary, i t  can be seen th at the development o f  the 11 In d igo fer a 
s to r y ” has been g r e a t ly  confused by sev era l is s u e s .
F ir s t ly ,  the un certain  taxonomic d esign ation  o f the p la n t has lead  
to  d isc o n tin u ity  o f  communication. Secondly, the f a c t  th at d if fe r e n t  
s tr a in s  w ith in  the sp ecies  have d if fe r e n t  to x ic  p ro p e rtie s  has lead  to 
apparently co n tra d icto ry  re p o rts , and b o ta n ic a lly  unrecognized sub- 
sp e c ia tio n  has negated c o rre la t io n  o f re p o rts  from many d if fe r e n t  ce n tre s .
T h ird ly , such s ig n if ic a n t  sp ec ie s  s p e c i f i c i t y  in  the b io lo g ic a l
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response to the toxin has resulted in uncertain interpretation of reports 
from workers using different test animals. Fourthly, the assumption 
that beta-nitropropionic acid was the sign ifican t toxic component of 
the plant further caused an hiatus in the elucidation chain.
F ifth ly , although chicks were used by many workers as the test  
species, i t  was not u n til I963 that i t  was shown that chicks were in 
fa ct refractory to the biological effects  of what is  now assumed to be 
indospicine (but susceptible to beta-nitropropionic acid). This fact  
has lead to great d iffic u lty  in interpretation of results.
Fin ally, in spite of the many observations of Indigofera-induced 
abortion from many experimental centres, none have reported that any 
examination of the foetus has been undertaken. This omission is  
unfortunate in view of the pharmacological and toxicological significance  
now attributed to indospicine.
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CHRONOLOGICAL SUMMARY
( DUDIGOFERA SPICATA)
1775 Indigofera spicata discovered by Forsskal.
1926 F irst report of abortion in c a ttle  following ingestion of
the plant.
1937 African report noting the use of a crude extract of the plant
as a human abortifacient.
1941 F irst report of hepatotoxicity -  experimental production of
hepatic lesions in rabbits.
1950 F irst report of to x icity  of le a f and stem extracts in chicks.
1952 F irst reports of abortion and cirrhosis in sheep and rabbits. 
Abortion reported in guinea-pigs.
Crude extract toxic to fish .
1953 F irst evidence of hepatic and renal to x icity  in c a ttle .
F irst reports that the sign ifican t toxic component was beta- 
nitropropionic acid.
1958 F irst report of characteristic hepatic nuclear changes.
Evidence presented to refute p o ssib ility  that beta-nitropropionic 
acid was the hepatotoxic agent.
1962 East African report that an extract of the plant was used as 
a remedy for metrorrhagia.
1963  Chicks shown to be refractory to components of the plant which 
were toxic to mammals.
1964 F irst report of abortion in mice.
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1966 Extraction and purification of indospicine.
Confirmation of its  hepatotoxic properties.
Discovery of teratogenic effects in rats.
1967 Discovery of strain differences in foetal rats in response
to indospicine. Pull elucidation of indospicine embryopathy. 
Experimental production of hydrops foetalis.
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CHAPTER 2.
Congenital Cleft Palate - Historical Development.
Prehistoric Era.
Paleopathology} the study of the diseases of prehistoric osseous 
relics, has now advanced to the point where it is a valuable medico- 
anthropological discipline in its own right. Such is the degree of 
sophistication achieved that a detailed knowledge of some congenital, 
infective, degenerative and neoplastic diseases of bone in prehistoric 
man is readily available.
In spite of this, however, no authenticated example of human or 
humanoid congenital cleft palate has, as yet, been found. Many hundreds 
of prehistoric skulls have been studied and although several workers 
have recorded congenital abnormalities in teeth, none has recorded 
congenital defects of the palate and associated structures (Leigh, 1929?
1930; Webb, 1944)* The palatal structure of early human and humanoid 
forms is well classified, and forms an essential element of paleo- 
anthropological taxonomy (Pilbeam, 1967)»
Rabkin C1943)» a dental paleopathologist, studied over four hundred 
prehistoric skulls, a high percentage of which were from children, but 
failed to find any palatine pathology although considerable dental caries 
and attrition were present.
However, palatine disease, other than congenital uranoschisis, is
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well recorded from this era. For example, cases of midline clefts of 
the palate have been discovered, but these have been interpreted as 
being due to syphilitic gummata or actinomycotic infection, and not due 
to congenital causes (Rabkin, 1942)» Sigerist (1951) Ras reported a 
suppurative perforation of the hard palate and adjacent alveolar margin 
in a prehistoric skull.
Rogers (1967)» in one of his delightful accounts of the history of 
cleft palate surgery, strongly implies that syphilitic cleft palate 
occurred in prehistoric times although no reference to any specific 
cases are used to support his inference.
If congenital cleft palate did exist in humanoid forms it is 
surprising that no fossil evidence has as yet been discovered; in this 
regard, it has been pointed out that "the highly calcified and endurable 
teeth and jaws are the main findings upon which our anatomical knowledge 
of early man is founded" (Aitchinson, 1947)*
In spite of this lack of confirmatory evidence, several writers 
have stated, on theoretical grounds, that congenital cleft palate has 
dated from prehistoric ages. Dorrance C1933)» for example, has stated 
quite unequivocally that "cleft palate, like other congenital mal­
formations, has occurred in man since time immemorial".
The implication that congenital abnormalities have existed since 
the time of pre- and protohistoric man is also made by Krogman (1940) 
who, after an extensive review of prehistoric medicine, stated "It is 
probably correct to observe that man always had two, and possibly three, 
illnesses basic to his biological make-up. The first is embraced in the
27
wide range of congenital abnormalities".
Wright (1939)» writing concerning anthropological aspects of 
dentofacial deformities, noted that factors predisposing to oral and 
facial malformations were as active in primitive times as they are in 
man today. However, one cannot accept this statement without qualification  
and Wright’ s classification of congenital and acquired defects is not 
without serious shortcomings.
After reporting on the palatal and dental pathology of two thousand 
nine hundred prehistoric skulls Rabkin (1942) noted that "deformities 
and dental aberrations have occurred similarly in man and beast at a ll  
times".
The Talgai skull discovered on the Darling Downs, Queensland, 
contained an intact palate which was very large; this represented a 
palatal type seen in the more primitive Australian native aboriginal 
(Wilson, 1915), but is  not a true aberration.
In the absence of fossil evidence, one must regard such claims as 
scie n tifica lly  unproven, but a significant probability does exist that 
the lesion of congenital c le ft palate has in fact dated from prehistoric 
times.
I f  congenital c le ft  palate did occur, however, and i f  i t  had a 
strong hereditary basis (as we now believe) in a significant percentage 
of cases, i t  is lik ely  that the natural selection of prehistoric ecology 
would have rendered the condition less frequent in the adult population, 
than it  is today. This hypothesis is the more probable as recent studies 
(Fogh- Anderson, 1942) have shown that isolated c le ft palate, when
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hereditarily transmitted, manifests simple genetic dominance} under 
such conditions, the constant tendency would have been self-elimination 
of the gene due to the disadvantages it would impart to the infant in 
an environment orientated to natural selection.
If cleft palate did occur, we have no knowledge of what prehistoric 
man considered as the causes of such a deformity.
Pre-Christian Bra.
In a comprehensive and meticulous study of Egyptian mummies two 
congenital diseases have been identified - cleft palate and congenital 
talipes equinus (Smith and Dawson, 1924)* To quote from their work 
f,Qnly one case of cleft palate and one of talipes have come to light".
The finding of evidence of ancient congenital abnormalities by these 
workers was quoted by Smout (19 6 4) who failed to mention that a 
congenital cleft palate had in fact been discovered.
After he had examined the remains of pre-Inca Indians, Holdsworth 
(19 5 7) noted that clefts of the lips and palate had been found. 
Anthropologists working with this material had recorded that some tribes 
of these Indians held the belief that individuals afflicted with cleft 
lip or palate possessed specific magical influences on the occurrence of 
frosts.
An excellent specimen of cleft palate from a collection of ancient 
Peruvia skulls is in the Peabody Museum (Thoma, 1917) • The large smooth 
palatal perforation shown in this skull is bounded by smooth edges showing 
no evidence of necrosis.
Recently, the translation of some of the ancient Chinese annals of
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the Eastern Chin dynasty (A.D. 317 -  419) has revealed  th a t c l e f t  l i p  
was presen t and w e ll understood in  th at era  (Khoo, 1966). The ancient 
ch ro n ic le r  recorded the doings o f one Wei Yang-Chi who, bom  w ith a 
c l e f t  l i p ,  n e v e rth e le ss  had i t  s u r g io a lly  rep aired  and went on to 
achieve fame in  the s e rv ic e  o f  the Emperor Liu Y i i .
A r is t o t le  (4th Century B .C .)  adopted a p h ilo so p h ica l p oin t o f view 
to co n gen ita l d e fe c ts :  '’The M onstrosity is  con trary to  Nature, not
co n trary  to  Nature taken a b s o lu te ly , but contrary to  the most usual 
course o f Natiore. Nothing, in  f a c t ,  can be produced co n trary to  th at 
Nature, which i s  both e te rn a l and e s s e n t ia l" .  In more s p e c if ic  ve in , 
he taught th at ch ild ren  in h e r it  anomalies from th e ir  p aren ts. A r is t o t le  
extended th is  h e re d ita ry  theory o f co n gen ita l deform ity to  include the 
in h eritan ce  o f d efo rm ities  acquired by the parents during l i f e .  He 
allow ed only one exception  - th a t o f crip p led  jo in t s .  In h is  medical 
w ritin g s  no d ir e c t  referen ce  to  co n gen ita l c l e f t  p a la te  i s  made.
H ippocrates, in  s p ite  o f  h is  p r o l i f i c  w ritin g s  on d isea se  and 
m edicine, pays r e la t iv e ly  l i t t l e  a tte n tio n  to co n gen ita l d iso rd ers . One 
o f h is  few such re feren ces  i s  quoted here from the Jones T ran slation  
(1923): "There are many other s tru c tu ra l forms, both in te rn a l and
e x te rn a l, which d i f f e r  w idely from one another w ith regard to  the 
experiences o f  a p a tie n t and o f a healthy subject} such as whether the 
head be la rg e  or sm all, the neck th in  or th ic k , lon g  or sh o rt, the
bowels lon g or round, .............  and there are very many other th in g s , the
d iffe re n c e s  between which must a l l  be known, so th at knowledge o f the 
causes o f each th in g  may ensure th a t the proper precaution s are taken".
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Unfortunately, Hippocrates makes no specific mention of congenital 
cleft palate, although considerable descriptions of other oral, palatal 
and pharyngeal diseases are recorded. For example, he described two 
types of palatal necrosis, one due to syphilis and one due to suppurative 
inflammation. To quote "In cases where the bone of the palate has 
exfoliated, the nose sinks in its middle, but in those in which the 
sloughing is about the teeth, the ridge is flattened".
Modem reviewers have taken a rather loose view of pre-Christian 
knowledge of cleft palate, and imply that doctors and philosophers of 
this period were well versed in the knowledge of cleft palate.
Even an otherwise critical reviewer, McNeil (1954)> noted that "a 
few references" to it appeared in early writing. No specific source 
of even these few references is quoted, however. He extrapolates rather 
dangerously in describing how other often associated abnormalities were 
well documented and infers that knowledge of congenital cleft palate had 
reached a stage of equal sophistication.
Most writers are agreed as to why little knowledge of congenital 
cleft palate has passed down to us in the writings of this period. It 
is generally agreed that feeding difficulties in themselves caused a 
high infant mortality rate. In this connection, it is relevant to note 
that cases of true infant starvation due to congenital cleft palate have 
been reported even in the twentieth century (Veitch, I9 0 1).
In addition to the natural selection by feeding difficulties, 
surviving deformed children were often put to death. In some cases 
cremation followed with destruction of osseous remains. In other
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instances if such an affected infant lived, he became ostracized by- 
society and was deprived of eventual interment in recognized burial 
places (McNeil, 1954)*
To 1000 A.D.
This period introduces the first reports of congenital cleft lips, 
the most frequent accompaniment of cleft palate.
Antyllus, a pioneer plastic surgeon of antiquity, described plastic 
operations for the repair of congenital defects of the nose and cheeks, 
but no reference to cleft palate is recorded. He lived "in the first 
half of the second century A.D.M (Dorranoe, 1933)*
Celsus, in "De re Medica" gives an account of the condition of 
acquired mutilation of the lips and even describes its repair. Some 
writers (e.g. McNeil, 1954)» have confused this issue and have considered 
that his descriptions have referred to congenital clefts.
Galen (131 ~ 201) mentioned cleft lip which he called "colobomatae" —  
"quippe ita vocant, quae in labiis aut narium alis, aut aure deficiunt".
Bhishagratna (19^3) has partially translated the Ayurveda, the 
Ancient Hindu System of Medicine and Science of Life. In this translation 
one reads of many references both to palatine disease and to congenital 
abnormalities in general. Nine specific diseases of the palate are 
¡mentioned but congenital or aoquired cleft is not included. Their 
concept of the causes of congenital abnormalities was a synthesis of 
maternal impression and paternal transmission e.g. the teeth and hard 
substance of the body were due to the paternal element (Pitraja) but 
"'desire on the part of an enciente for the flesh of any particular
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animal indicates that the child in the womb would be of such stature and
would develop such traits of character in life as are peculiar to that 
animal".
The writings of the early Hebrews have no recorded reference of 
congenital cleft palate although congenital abnormalities in general 
were considered due to maternal impression. Hebrew writing of the 
Talmudic Period (200 - 500 A.D. ) rejected the paternal hereditary basis: 
"Physical deformities in the newborn are not caused by hereditary
influence ......  for, if this were the case, blind and lame parents
would transmit their abnormalities to their children".
Ancient Cherokee tradition has it that the eating of rabbit meat 
during pregnancy would cause the developing infant to manifest rabbit­
like features (Mooney and Orbrechts, 1932) but no specific reference to 
hare-lip as part of this maternal impression syndrome is recorded.
In a study of ancient English skulls buried prior to the Norman 
Conquest, Keith (1924) ¿id not find congenitally abnormal palates in 
spite of cephalometric examination. He stated quite unequivocally 
"Cases of contracted and irregularly developed palates, however, are 
never seen in ancient (English) skulls".
Several anthropological studies of bones of Australian Aborigines 
(Mackay, 1938} Editorial, Med. J. Aust., 1957) have revealed diverse 
osseous pathology, but no congenital cleft palates. Winterbotham (1951)> 
writing of primitive medical customs amongst the Australian Aborigines, 
gives a full account of primitive midwifery but records no case of 
cleft palate.
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Many quite extensive studies of the diseases of Australian 
Aborigines have been undertaken (Elkin, 1935» Binns, 1945» Hargrave, 
1963; Abbie, 1966; Cook, 1966) but in only one of these has there 
been any specific reference to congenital cleft palate (Abbie, 1966).
Abbie records that among primitive Australian Aborigines "obvious 
physical deformities axe rare, to some extent no doubt because all 
children b o m  deformed were —  and in some parts probably are still —
ruthlessly destroyed ......  We have, however, records of cases of six
fingers or toes (polydactyly), some grades of cleft palate and even a 
persistent tail".
Field anthropological trips to Central Australia have revealed cleft 
palate amongst primitive closed tribes at Hermannsburg and Cockatoo Creek 
(Campbell, 1937» ibid, 1938)*
1000 A.B. - 1800.
Albucasis (1013 - IIO6) of Andalusia was reputed to be one of the 
first to write on the treatment of congenital deformities of the mouth 
and dental arches, but does not appear to have contributed to an 
understanding of their causation (Garrison, 1961a). It is doubtful 
whether he specifically referred to clèft "palate". '
This era —  the Dark Age of Science —  has contributed very little 
to our present understanding of cleft palate. The condition is not even 
mentioned in the first English textbook of paediatrics, Thomas Phaire*s 
"The Boke of Chyldren" (1545)*
An Hungarian skull dating from this period showing evidence of cleft 
lip han been unearthed (Berndorfer, I962). This author states that
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descriptions from the Middle Ages illustrated the belief that mothers of 
such children had indulged in "fornication with the devil", although he 
gives no reference for this information.
The first real English description of congenital cleft palate did 
not appear until 1660. McNeil ( 1954-) quotes from the diary of one John 
Ward: "A childe borne without the uvula or tonsillae but a great passage
upp the nose from the mouth so that one might almost see out of one into 
the other: it could not suck but all came out of the nose againe, unless
it lay backwards".
Cleft lip was well known in Shakespeare's time and the closing Scene 
of Act Five of "A Midsummer Night's Dream" (written in 1660) makes this 
reference:
Oberon: "So shall all the couples three
Ever true in loving be;
And the blots of Nature's hand 
Shall not in their issue stand:
Never mole, hare-lip nor scar,
Nor mark prodigious, such as are 
Despised in nativity,
Shall upon their children be."
Matthew Wilson (1734 ” 1790)» a minister and physician of Delaware 
in colonial America, compiled the "Therapeutic Alphabet" which makes 
reference to both cleft lip and cleft palate: "Lagocheilos: Hare Lip.
Is a deformity in which ye Lip is divided by Chasms or Fissures ......
Fissures of ye Palate often close in some years" (Friedberg, 1917)*
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Although many references to the early surgical attempts to 
repair cleft lip are known, very few descriptions of cleft palate have 
been recorded, and apart from the theory of maternal impression, virtually 
nothing is known of what the physicians and surgeons of this era 
considered was the cause of cleft palate.
The traditional concepts of maternal impression were almost 
universally considered as the cause of clefts of the lip and palate in 
this era. James Cook of Warwick (1614“1688) recorded thus "The Lip is
sometimes much cleft ......  and sometimes 'tie double cleft ....... They
are usually caus'd by some Frights and strong Fancies, which are usually 
the cause of monstrous Births" (Rogers, 1964).
An edition of the Boston Evening Post in September, 1770» recorded 
"A few weeks since the Operation for the Hare-Lip was performed to great
Perfection on a young Man in Milton near Brush-Hill; ......  The
Impression these unhappy Sights are apt to make on married Women, should 
be an Inducement to have this Defect in Nature rectified early in Life, 
as there are numerous Instances of the Mother's Affection having impressed 
her Offspring with the like Deformity" (Rogers, 1964).
There was a, civic law in Norway which forbade butchers to hang hares 
in public view for fear that the sight would cause pregnant women to have 
children with hare-lip (Reed, I963)* Apparently the governmental advisors 
were not conversant with comparative anatomy as no law forbade the display 
of poultry which normally have a midline cleft palate!
Even at the turn of the nineteenth century lay opinion in England 
considered the deformity to be due to witchcraft (’Webb, 1924) and some
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considered that the sufferers turned into hares by night.
Sanders, writing from Holland in 1934» noted that local physicians 
still gave credence to the concept of maternal impression as a cause 
of cleft lip and palate and quoted the instance of a woman seeing 
various monsters in a museum and subsequently delivering at miscarriage 
a foetus exhibiting double cleft lip and cleft palate.
Towards the end of the eighteenth century the new scientific 
revival began to manifest the stirrings of inquiry and congenital cleft 
palate came under closer scrutiny. The first successful operation for 
the repair of congenital cleft palate was performed by Le Monier, "a 
skillful dentist", at Rouen in 1776 (Morris, 1963).
Many advances in the surgical repair of the deformity were made in 
the next century. In 1853» J« Mason Warren noted in detail the surgical 
techniques necessary for repair of congenital fissure of the palate, and 
described five successful cases (Warren, 1853)» and. Sir William Ferguson 
of Scotland perfected a repair operation between 1828 and I8 6 4, operating 
successfully on 129 out of a total of 134 attempts (Garrison, 1961b).
Dr. Philibert Roux of Paris was also pre-eminent in this pioneer field.
In 1902, Sir Arbuthnot Lane successfully operated on a child of two and 
a half days with cleft palate (Bailey and Bishop, I946).
The operative repair of congenital cleft palate, although an 
intriguing account in itself, will not be discussed further in this work. 
The Scientific Era.
From the early 1800’s speculation and various interpretations of 
the possible causes of cleft palate began to emerge.
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Early North American workers of the nineteenth century considered 
the deformity of cleft palate to be a fissure induced by inflammation 
and ulceration caused by cold weather (Francis, 1963)»
Cases of syphilitic fissure extending through the palatine 
velum became known and Stephenson (1820) reported such a case in the 
Edinburgh Infirmary. Other such cases continued to be reported until 
the early twentieth century (Wildman, 1864; Ziegel, I9O6).
Laroche (1823) first separated cleft lip as a distinct entity 
from oblique facial cleft.
Vrolik and Nicati, in the early nineteenth century, were the first 
to suggest that cleft palate was the result of upward pressure of the 
tongue which interposed between the palatal plates (Dorrance, 1933)* 
This ingenious theory has held credence to the present day.
Barker (I8 64) recorded that cleft palate could be due to congenital 
or accidental causes and he mentioned cases in which x^uncture of the 
palate by fish-bones and a pipe-stem had resulted in ulcers with 
perforation of the palate. Barker also warned his contemporary North 
American dentists to "beware how they refer cases (of cleft palate) to 
a syphilitic origin, for struma is capable of producing very similar 
results".
Welchens (I8 7 4) postulated, without adequate observational evidence 
and certainly no experimental evidence, that cleft palate was due to the 
effect of insufficient nutrition before birth. Many other authors have 
also made this claim, but Ivanovsky (1923)> in a population study of 
several thousand persons in Russia during and subsequent to famine, did
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n o t re p o rt  an in c re a se d  in c id e n c e  o f  t h is  m alform ation .
The e m b ryo lo g ist H is (I885) b e lie v e d  th a t  c l e f t  p a la te  was due to  
the upward p re ssu re  o f  the f i s t  o f  the fo e tu s  on th e  m andible which 
r e s u lte d  in  w edging the tongue between the p a la t a l  p la t e s .
Morian (I887) review ed  the l i t e r a t u r e  o f  f a c i a l  c l e f t s  which 
a n a to m ica lly  con tin u ed  in to  the p a la te .  A fte r  u n d ertak in g  a d e ta i le d  
stu dy o f  human embryos w ith  f a o i a l  c l e f t s  Morian came to  the co n clu sio n  
th a t  a l l  were due to  a lo c a l iz e d  overgrow th o f  amnion. The firm n ess o f 
th e se  am niotic bands '’h in d er th e  growth o f  the s o f t  p a r ts  and g iv e  a 
new d ir e c t io n  to  t h e ir  grow th. These m echanical fo r c e s  must n a tu r a lly  
e x h ib it  t h e ir  a f f e c t  a t  a time in  which th ey  can do harm in  the form ation 
o f  the fa c e ,  th a t  i s  in  the second month b e fo re  the s ix t h  to  seven th  
week o f  embryonic l i f e ” .
F ronhöfer (I896) a ls o  su g g ested  th a t  am n iotic bands between the 
fo e tu s  and the p la c e n ta  impeded union o f  embryonic c l e f t s  but he produced 
no diagram s or photographs to  support or e x p la in  the dynamic p ro c e sse s  
th a t  he p o s tu la te d  were o p e r a t iv e . This th e o ry  o f  am n iotic adhesions 
a ls o  re c e iv e d  much support from the p u b lic a t io n s  o f  von W inckel in  I896
and 1903.
T and ler ( 1899) championed the m echanical in te r fe r e n c e  th eo ry  and, 
in  two embryos w ith  c l e f t  p a la te  th a t  he s tu d ie d , he p o s tu la te d  th a t  an 
a s s o c ia te d  m icrognathos caused non-w ithdraw al o f  th e  tongue from the 
common o ro -n a sa l c a v i t y .
The th eo ry  o f  m echanical in te r fe r e n c e  w ith  p a la t in e  fu s io n  as a 
cause o f  c l e f t  patiate thus was w id e ly  accep ted  a t  th e  tu rn  o f  the ce n tu ry .
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This theory was further elaborated by German surgical anatomists (Fick, 
1902; Draudt, I906). Fein (1899) agreed with the idea of mechanical 
interference but suggested that adenoidal lymphoid tissue was the 
offending obturator. However, as both Tandler (1899) and- Dorrance (1933) 
subsequently pointed out, adenoids do not appear in the foetus until 
after the twelfth week, "a period at which the palate is completely 
formed”.
At this time, many different and quite unjustified theories of 
cleft palate formation continued to emerge. Besides the mechanical 
interference theory with its many protagonists there evolved a "glandular 
dysfunction theory". Talbot (1905)> for example, suggested that cleft 
palate was due to pituitary dysfunction end a "British School" of thought 
evolved around this theme as opposed to the Germen "mechanical 
interference" theory. Parker (1915) supported Talbot's claim that 
dysfunction of the pituitary was directly related to cleft palate.
Wharton (1906) from Pennsylvania described the manner in which 
failure of apposition of the palatine shelves resulted in cleft palate, 
but he did not mention any possible causes of such growth failure.
Thomas (1906) described a case of congenital absence of the bony element 
of the hard palate which was masked by normal mucosal coverings.
Mall (19O8), in his extensive treatise on "The Origin of Human 
Monsters", studied one hundred and sixty three pathological human embryos 
in the most comprehensive study of its nature to that time. He found that 
cleft palates and other abnormalities present in his material were not of 
hereditary origin but "are no doubt produced by agents which interfere
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w ith  th e  n u t r i t i o n  o f th e  em bryo".
T his th e o ry  o f m a te rn a l n u t r i t i o n a l  d e f ic ie n c y  was a ls o  s t r e s s e d  by 
P a rk e r  (1915) who su g g es ted  t h a t  th e  m a te rn a l d i e t  o f  i n f a n t s  w ith  c l e f t  
p a l a te  sh ou ld  be in v e s t ig a te d  f o r  " n u t r i t i v e  d e f e c t s " .
W arnekros, a German o ra l  su rg eo n , o bse rved  t h a t  supernum erary  te e th  
were o f te n  a concom itan t o f c l e f t  p a l a t e ,  and in  a  s e r i e s  o f  p ap e rs  he 
p o s tu la te d  t h a t  th e  e x t r a  t e e th  were th e  cau se  o f  th e  p a l a t i n e  c l e f t  
( tfa m e k ro s , 1908; i b id ,  1909)* T his th e o ry  h as su b seq u en tly  been c a l le d  
th e  W’a rn ek ro s  Theory.
I t  i s  known t h a t  th e  upper jaw  (by f a r  th e  commonest s i t e  o f c l e f t s )  
i s  much more f r e q u e n t ly  a s s o c ia te d  w ith  supernum erary  t e e t h  th an  i s  th e  
m andib le (T u rn e r , I900). Jo rd a n , Kraus and N eptune (1966) und ertoo k  an 
e x te n s iv e  a n a ly s is  o f  d e n t i t i o n  in  b o th  f o e t a l  and p o s t - n a ta l  s k u l l s  
w ith  c l e f t  p a l a t e .  These w orkers concluded  t h a t  th e r e  was no c o r r e la t i o n  
betw een ty p e  o f c l e f t  and p re se n c e  o r absence o f  d e n ta l  a b n o rm a li t ie s .  
S ig n i f i c a n t ly  th ey  a ls o  found t h a t  th e  c l e f t  i t s e l f  was n o t an 
a e t i o l o g i c a l  f a c to r  in  th e  p ro d u c tio n  o f  d e n ta l  d e f e c t s ,  b u t  r a t h e r  t h a t  
b o th  ty p e s  o f  d e fo rm itie s  were due to  an u n d isco v e re d  f a c to r .
O th er w orkers have n o ted  d e n ta l  d e f e c ts  in  a s s o c ia t io n  w ith  c l e f t  
p a l a te  and th e  com plete syndrome o f accom panying d e n ta l  a b n o rm a lit ie s  i s  
now w e ll  documented (C o le s , 1885; Kirkhara, 1931} Bohn, 1963)• However, 
G i l l i e s  and Fry (1921) observed  t h a t  a l l  u n o p e ra te d  c a s e s  o f  c l e f t s  o f 
th e  h a rd  p a la te  had norm al d e n ta l  o c c lu s io n  in  s p i t e  o f  a s s o c ia te d  t e e th  
d e f o r m i t ie s .
F oo te  ( 1 9 2 1 ) re g a rd e d  c l e f t  p a l a te  a s  b u t  one m a n if e s ta t io n  o f
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g e n e r a liz e d  osseous m aldevelopm ent, and su g g e ste d  th a t  the thymus was 
p o s s ib ly  the d is tu r b in g  f a c t o r .  Other th e o r ie s  o f  f a i l u r e  o f  p a la t in e  
fu s io n  a s c r ib e d  the d e fe c t  to  bony d ystrop hy fo llo w in g  a v a r ie t y  o f  
cau ses such as th y ro id  gland d is o r d e r s , to b a cco , a lc o h o l,  le a d  p o iso n in g , 
m a la ria  and tu b e r c u lo s is  (San d ers, 1934)* None o f  th ese  th e o r ie s  were 
supported by any v a l i d  s t a t i s t i c a l ,  e p id e m io lo g ic a l or experim en tal 
ev id e n ce .
By the mid 1920' s  the em b ryo lo g ica l developm ent o f  the normal 
p a la te  was w e ll un d erstood , b u t, in  s p ite  o f  the many th e o r ie s  d e scrib e d  
above, i t  was acknowledged th a t  alm ost n o th in g  was known o f  the in flu e n c e s  
which caused im p e rfe c t union o f  th e  p re m a x illa ry  p ro c e sse s  (F ra s e r , 1926). 
Most cred en ce was g iv en  to  the th e o ry  o f  f a m i l ia l  tra n sm issio n . D ire c t  
m echanical e f f e c t s  were a ls o  co n sid ered  as p o s s ib le  c o n tr ib u tin g  fa c t o r s ;  
e .g .  an e r r o r  in  the p o s it io n  o f  the enamel germ o f  the in c is o r  te e th  
w ith  subsequent n o n -c lo su re  o f  the p a la t in e  s h e lv e s .
Credence was a ls o  g iven  to  th e  e a r l i e r  th e o r ie s  o f  u te r in e  to x in s , 
e s p e c ia l ly  those put forw ard by H ertw ig in  the 18 9 0 's (se e  page 76) and 
th ese  en joyed  a sh o rt  r e v i v a l .
W a rd ill (1928) d e sc r ib e d  in  d e t a i l  th e  anatony o f  human c l e f t  p a la te  
and p a id  p a r t ic u la r  a t te n t io n  to  fu n c t io n a l co n ce p ts , n o tin g  in  p a r t ic u la r  
th a t th e  m usculature o f  the b i f i d  p a la te  wan a ls o  d e f ic i e n t  in fu n c tio n .
In some c a s e s , the a c tio n  o f the su p e rio r  p h aryn geal c o n s t r ic t o r  was a ls o  
abnorm al•
In a s e r ie s  o f  cep h alo m etric  s tu d ie s  o f  c l e f t  p a la te  s k u lls  W a rd ill 
a ls o  re p o rte d  th a t  the p a r ie t a l  eminence on the s id e  o f  the c l e f t  was
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unduly prominent, and that the maximum transverse diameter of such 
skulls exceeded that of normal controls.
From this observation V/ardili deduced that the palatine defect 
was not an anatomically localized one but rather was the most obvious 
manifestation of a more extensive bony defect.
Although congenital malformations had been observed in spontaneously- 
aborted human foetuses, Goldstein and Murphy (1929) were the first to 
give a detailed account of human radiation embryopathy. They reported 
several cases of radiation-induced cleft palate in human foetuses, but 
observed that it was a relatively minor defect compared with the other 
more severe defects produced by irradiation of the pregnant uterus. In 
this regard, Murphy ( 1928) had previously summarized the literature of 
human embryopathy due to pre-conception ovarian irradiation. Although 
many cases of microcephaly and other defects were known to be due to 
this cause no cleft palates had been observed.
After 19 3 0, further non-experimental reports on possible causes of 
cleft palate remained rather speculative, and with one notable exception, 
did not advance knowledge in this field with the same impetus and logical 
progression of the experimentalists. The one exception is in the genetic 
investigation of cleft palate, which, in human pedigrees, is (of necessity) 
observational.
One of the earlier genetic studies on human cleft palate suggested 
that cleft palate in general was transmitted as a simple dominant 
(Birkenfeld and Schroder, 1931)♦ In a most extensive and brilliant 
investigation into the genetic causes of human cleft palate and cleft lip,
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Sanders C1934) in Holland demonstrated unequivocally that demonstrable 
hereditary causes for these lesions accounted for only 44*5 percent of 
all cases.
Sanders also showed that the "hereditary faotors" concerned were 
stronger in females than in males, and that "hereditary factors" for 
cleft lip existed on an average in the ratio of one to every sixteen 
persons in Holland. He rejected the older mechanical hypothesis as a 
cause of cleft lip and cleft palate mainly on his evidence of "several 
cases in which fissure in lip and palate are interrupted". Sanders also 
described several cases in which the bony component only was
absent, concluding that it was difficult to explain this type of case by 
postulating some mechanical obstruction during embryogenesis.
In the preceding year Foucar (1933) had considered that cleft lip 
(and possibly cleft palate) arose from disturbed mechanical factors 
operative during embryogenesis. One possibility which he tentatively 
suggested was the early development of the mandible, which forming prior 
to maxillary closure, would exert undue upward pressure if the head was 
flexed. Although theoretically speculative no experimental or other 
evidence was forewarded to support this claim.
Fraser (1937) reported several series of genetic investigations in 
which the hereditary factor in the aetiology of cleft lip and cleft 
palate was demonstrated. He noted that in at least forty-six percent of 
cases a positive family history could be obtained; he also reported 
"that the female line seems to be that which transmits the blemish", but 
no scientifically acceptable evidence was given to support this claim.
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In another paper, Eraser reported, dark-skinned races were less 
prone to the deformity than were white-skinned peoples, and, that within 
white races, people of Jewish stock were less likely to be affected.
Keith (1940) postulated a theory of cleft formation in the palate, 
lips and cheek. This was based upon observation of selected anatomical 
specimens and quite unjustified claims were made. For example, in a 
reference to dysplastic lesions of the face, he stated "all such lesions 
are caused by a local necrosis probably due to circulatory failure which 
may be placental in origin." He considered that fibrous bands connecting 
the tongue to the edges of midline palatine clefts were due to 
organization of extruded lymph.
ThiB theory of focal ischaemic necrosis held sway for some 
considerable period in spite of its untenable foundations and lack of 
scientific evidence to support it. McNeil (1954) continued to champion 
this view and reported "it seems reasonable to believe that hare-lip and 
cleft palate are manifestations of this foetal plastic disorder".
In regard to the possible implication of the tongue and its 
relationship to cleft palate it is well to recall the case of an infant 
with both congenital aglossia and cleft palate (Sinclair and Mackay, 1945)* 
In this type of association at least, it is impossible to implicate 
possible mechanical effects of the tongue in the pathogenesis of cleft 
palate.
The best study to date of the genetic influence in the genesis of 
cleft palate was undertaken by Fogh-Anderson in 1942 » He compiled a most 
comprehensive and accurate epidemiological survey of cleft lip and palate
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occurring in Denmark. (This was possible as surgical treatment for cleft 
palate was controlled in one hospital in Copenhagen). Fogh-Anderson 
reported that the lesion occurred once in every 665 live births (I.5 per 
IOOO), and that ten percent of these manifested other severe malformations.
He noted that isolated cleft palate occurred more in females in a 
ratio of almost 2 : 1 .  No geographical variation between urban and rural 
areas was demonstrated and social class and birth rank also did not vary 
the incidence of cleft palate.
Perhaps most significantly of all, Fogh-Anderson found that cleft 
lip (with or without an associated cleft palate) and isolated cleft 
palate were two quite distinct and separate genetic entities. Isolated 
cleft palate wan transmitted as a simple dominant with incomplete 
penetrance.
In a subsequent paper, Fogh-Anderson (1946) confirmed his earlier 
findings and reported that the combined lesions of cleft lip and cleft 
palate occurred with frequencies of (a) isolated cleft lip - 25 percent;
(b) combined cleft lip and palate - 50 percent; (c) isolated cleft 
palate “ 25 percent. In another series he again found that isolated 
cleft palate occurred more often in females, and was transmitted as a 
simple dominant; by contrast, cleft lip with or without cleft palate 
occurred more in males and was transmitted as a recessive trait 
(subsequently confirmed by Woolf, Woolf and Broadbent, 1964).
Fogh-Anderson*s work was confirmed by further epidemiological studies 
(Warkany, 1947; Oldfield, 1950). Warkany noted that both cleft lip and 
cleft palate occurred in hereditary form in both mice and man. Genetic
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studies in mice had shown that the gene for cleft palate had low 
penetrance, and that many mice with the "cleft" genotype failed to 
manifest the condition phenotypically, although they transmitted it.
Most significantly, Warkany noted that no environmental factor was known 
which was capable of reducing the incidence of cleft palate either in 
humans or in mice.
Sanvenero-Rosselli (1953) considered that facial and palatine clefts 
were due to curtailment of the vascular supply to the relevant parts 
during embryogenesis. This was a representation of the old theory of 
Tandler (1899)- Sanvenero-fiosselli did not present new evidence for this, 
but mentioned the earlier production of cleft palate and other 
abnormalities by experimental chemical teratogens and gave, as he said, 
a different "interpretation of such deformities as the results of a 
vascular disturbance".
This concept of an underlying vascular defect had also been suggested 
by Braithwaite and Watson (1950)> again without adequate evidence.
From Canada, Hixon (1951) reported epidemiological findings which 
differed significantly from those of Fogh~Anderson. He found that only 
nineteen percent of clefts of the lip-palate complex involved the palate 
solely. Isolated cleft palate was shown in this survey not to be sex- 
linked statistically. This finding differed from those of both Fogh- 
Anderson (1942) and Ivy (1951)• Ivy bad shown that isolated cleft palate 
was twice as common in females as in males. No causal interpretation of 
these associations was given in these epidemiological studies.
Slaughter and Phair (1952) reported that the incidence of cleft lip
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with or without cleft palate was one in 770 hirths in the United. States 
and that this figure had remained constant for seventeen years. This 
figure was slightly less than the incidence reported from Denmark 
(Fogh-Anderson, 19 4 2).
In another small survey of one hundred patients with clefts of 
the lip or palate Holdsworth (1954) also concluded that there was no 
genetic connection between isolated cleft palate and cleft lip with or 
without cleft palate. However, Holdsworth's series showed that isolated 
cleft palate was more common in males whereas other series had found the 
defect to be more common in females. His results were not statistically 
analysed, however, and his finding in this regard cannot be unequivocally 
accepted.
leaser and Baxter (1954} conducted a clinical survey of complications 
which had occurred during the pregnancy prior to the birth of an Infant 
with cleft palate. They enquired about vaginal bleeding, febrile 
illnesses and weight loss during pregnancy but were forced to conclude 
that "an analysis of the antenatal histories has not led to the 
identification of any relevant etiologic prenatal factors". They also 
constructed probability tables for genetic counselling, noting that the 
risk for an unborn child was five percent if a parent or sibling had a 
cleft lip or palate, and fifteen percent if both a parent and a sibling 
were so affected.
In 19 5 6, much interest was aroused by a case report notifying the 
birth of an infant with isolated cleft palate whose mother had ingested 
100 mg of cortisone acetate three times daily from the thirty-eighth day
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of pregnancy. The cleft was of the post-alveolar type (Harris and Ross, 
1956). This was most significant as Fraser and Fainstat in 1951 had 
first produced cleft palate experimentally in mice by maternal injection 
of cortisone acetate (see page 92).
This case report was quickly followed by another reporting isolated 
cleft palate in a human foetus following maternal ingestion of cortisone 
for disseminated lupus erythematosis (Doig and Coltman, 1956).
A search for possible embryopathic effects of cortisone in humans 
had. shown, however, that no congenital defects could be attributed to 
the drug, although other noxious effects on pregnancy had been observed 
(Robson and Sharat, 1952). In addition, Wells (1953) had not found any 
human cases of cleft palate following maternal treatment with cortisone 
commenced after the sixth week of gestation.
Strean and Peer (1956) in a quite incredible paper postulated that 
"physiologic, emotional or maternal stress at the time when the (human)
maxillae are expected to fuse ...... was an important factor in the
production of this congenital abnormality" (i.e. cleft palate).
These authors made this conclusion following the retrospective 
analysis of a survey of two hundred and thirty-two cases of cleft palate 
in New Jersey. Their work must be criticized in that their conclusions 
of a causal nature relating maternal stress with cleft palate were made 
from retrospective surveys; also, they asked mothers of children with 
cleft palate to give their subjective opinion on whether they had 
suffered greater "stress" during the pregnancy resulting in a cleft 
palate child than in subsequent "normal" pregnancies.
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Carrying their unwarranted conclusions further they noted "that 
the high incidence of d e f t  palate in the firstborn may be attributed  
to the severe anxiety frequently associated with the f i r s t  pregnancy, 
coupled with other stressful situations". They made no reference to 
Fogh-inderson's earlier finding (1942) that birth  rank did not, in fa ct,  
influence the risk  of c le ft  palate development.
Unfortunately, the unfounded premises made by these workers have 
been often quoted (e.g. Montagu, 1964» Morley, I966).
These observations on the uranoschitogenic action of maternal stress 
were questioned by Fraser and Warburton (1964) who fa ile d  to find  
sign ifican t emotional stress differences in "control" mothers and mothers 
of children with c le ft  palate. They concluded that their "data provided 
evidence that maternal emotional stress is  not causally related to the 
occurrence of c le ft  lip  or c le ft  palate".
The possible association of stress and uranoschitogenesis was 
further complicated however by experimental results using V'Jax mice 
(Rosenzweig, 1966). He found that a series of non-specific environmental 
stresses (noise from a buzzer, food and water deprivation, excess handling) 
would raise the incidence of c le f t  palate in these mice.
The problem therefore w ill not be elucidated u n til a fu ll  prospective 
study is  undertaken in the human population.
Kemahan and Stark (1958) recla ssified  c le fts  of the lip s  and palate 
according to their relationship to the in cisive foramen. Those c le fts  
anterior to the foramen were termed "primary" c le fts  and included c le fts  
of the upper lip  alone and those involving both the upper lip  and the
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alveolar bone. Clefts occurring behind the foramen developed from 
defects in both primary and secondary structures. This new classification 
had very doubtful advantages and its justification was not convincing.
In an interesting paper from Leeds, Oldfield (1959) reported that 
isolated cleft palate was more common in females and represented a 
condition that was genetically distinct from other types of cleft. He 
thus supported completely the earlier findings of Fogh-Anderson (1942) 
and Ivy (1951)• Oldfield also observed that uniovular twins occasionally 
presented with cleft lip and cleft palate, but the severity of the 
defects were usually different in each individual of the pair. Oldfield 
thus stressed the importance of environmental modifiers to explain such 
differences.
From Tasmania, Australia, Hank and Thomson (i960) reported their 
results of a local genetic survey of cleft lip and cleft palate. They 
found one such case for every six hundred children born alive in Tasmania* 
This was the highest recorded incidence for these lesions in a community 
of European stock.
Cleft lip and cleft palate occurred throughout all districts of 
Tasmania and occurred with equal frequency in rural and urban areas.
Their findings differed slightly from those of Fogh-Anderson (1942) in 
that Hank and Thomson found that the genetic influences controlled 
combined cleft lip and cleft palate on the one hand and isolated cleft 
palate on the other were not independent. To date, however, this type 
of genetic association has not been confirmed by any other geneticist 
working on this topic.
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Hae Tasmanian su rvey  a ls o  found th a t  a s i g n i f ic a n t  e x ce ss  o f  c h ild re n  
w ith  c l e f t  p a la te  were horn to  mothers in  the h ig h e r  age groups and they 
concluded th a t  b ir t h  rank was p ro b ab ly  a s i g n i f ic a n t  f a c t o r  in  the 
g e n e s is  o f  th e  le s io n .  T his f in d in g  a ls o  d i f f e r e d  from th a t  observed  in  
Denmark but Fogh-Anderson and Rank and Thomson a l l  found th a t  i s o la t e d  
c l e f t  p a la te  was tra n sm itte d  by dominant in h e r ita n c e  when i t ,  in  f a c t ,  
o ccu rred  h e r e d i t a r i l y .  Rank and Thomson re p o rte d  no se x  d if fe r e n c e  in  
the in c id e n c e  o f  th ese  d e fe c ts .
By 19 6 1, th e  g e n e tic  f a c t o r s  o p e ra tiv e  in  the g e n e s is  o f  human c l e f t  
p a la te  were so f u l l y  e lu c id a te d  th a t  g e n e tic  c o u n s e llin g  ta b le s  o f  r i s k  
had been com piled ( C u r t is ,  F ra se r  and W arburton, 19 6 1). They confirm ed 
the freq u en cy  o f  O.O4 p e rce n t f o r  is o la t e d  c l e f t  p a la te  in  the community 
and had c a lc u la te d  the r i s k  o f  c l e f t  p a la te  in  a number o f  d i f f e r e n t  
fa m ily  g ro u p in g s. For exam ple, i f  one p a ren t had c l e f t  p a la te  and 
a lre a d y  one such a f fe c te d  c h ild  had been born, th e  r i s k  was f i f t e e n  
p e rcen t th a t  the n ext c h i ld  would a ls o  be so a f fe c t e d .
In a sm all p ro s p e c tiv e  stu d y o f  the se q u e la e  o f  m aternal r u b e l la  
c o n tra cte d  in  the f i r s t  fo u r  months o f  pregnancy, i t  was found th a t  c l e f t  
l i p  and c l e f t  p a la te  o ccurred  more fre q u e n tly  in  the o f f s p r in g  from such 
p regn an cies than in  the g e n e ra l p o p u la tio n  (M ich aels and M e llin , i9 6 0 ). 
T w e n ty -five  a f fe c te d  in fa n ts  were stu d ie d  and th ese  in v e s t ig a t io n s  found 
th a t  th e se  a b n o rm a litie s  o ccu rred  o n ly  i f  the v ira e m ia  had been p re se n t 
d u rin g  the f i f t h  to  the t w e lf th  weeks o f  g e s ta t io n . For t h is  reason 
M ichaels and M e llin  in clu d ed  the c l e f t  l i p  - c l e f t  p a la te  complex in  the 
r u b e lla  em bryopathic syndrome.
52
However, in a much larger survey undertaken in the following year, 
Lock, Gatling and Wells (196I) examined one hundred and seventy-six 
children whose mothers had been exposed to or infected with rubella in 
early pregnancy. No case of cleft palate occurred among the many 
congenital abnormalities that they observed in this survey. At present, 
therefore, the exact status of maternal rubella as a uranoschitogenic 
remains uncertain; it is doubtful still whether one can justifiably 
include cleft palate as one of the facets of rubella embryopathy.
Fraser and Calnan (1961) undertook a large survey of children with 
cleft lip and cleft palate in England. Several important findings 
resulted from this investigation.
Firstly, it was shown that seasonal influences were not significantly 
associated with these lesions. Secondly, it was demonstrated that infants 
with isolated cleft palate were significantly lower in weight during 
childhood than were normal controls. This finding also supported an 
earlier similar observation made by Lutz ( 1959) and was in general 
agreement with the by now well accepted principle that the palatine cleft 
was but one facet of a wider growth disturbance.
Fraser and Calnan also confirmed Fogh-Anderson's (1942), Ivy's (1951) 
and Oldfield's (1959) earlier findings that isolated cleft palate 
behaved as a genetic entity distinct from both isolated cleft lip and 
cleft lip with concomitant cleft palate.
Those infants with isolated cleft palate were classified according 
to maternal age at time of conception but no significant trend was present. 
Similarly, no significant differences in paternal age were observed,
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between control and c le ft  palate groups.
The concept of isolated c le f t  palate being a d istin ct genetic en tity  
was also confirmed in a study undertaken by Knox and Braithwaite (1963).
Edwards (1961) studied the effe cts  of season on congenital 
abnormalities occurring in Birmingham, and found that the seasonal trend 
in c le ft  lip  was highly sign ifican t (P = 0.0009), the abnormality 
occurring most commonly in children born in February and March. However, 
in an analysis of one hundred and six ty  cases of isolated c le ft  palate 
no sign ifican t seasonal trend was found.
This failu re to demonstrate any seasonal influence associated with 
c le ft  palate supported the sim ilar findings of Fraser and Cal nan (1961).
Charlton (1966) made a survey of the seasonal incidence of various 
congenital malformations in Australia, s p e c ific a lly  comparing the 
incidence in Brisbane and Adelaide. He studied the incidence of c le ft  
l ip ,  c le ft  palate, c le f t  lip  combined with c le f t  palate, and congenite! 
dislocation of the hip. No consistent seasonal difference occurred in 
the incidence of c le f t  palate or related defects, but the incidence of 
congenital dislocation of the hip showed a sign ifican t increase in 
children born in winter months in both c it ie s .
I t  is  thus universally accepted that isolated c le f t  palate in 
contradistinction to many other congenital lesions, has no sign ifican t  
seasonal trend.
Morley (1962) interpreted Fogh-Anderson's  photographs of ep ith elial 
bridges across c le f t  palates as being due to separation of previously 
partially-united palatine processes. She also noted that c le ft  palate
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could be due to maternal stress and reported that i t  had been suggested 
that amniotic bands, or that a finger placed in the c le f t  in utero, might 
have prevented fusion of the palatine processes; no reference to the 
source of these theories of c le f t  palate formation was given however, and 
in the absence of any supporting material they must be rejected, though 
ingenious.
Further genetic studies of human pedigrees showed that in many 
instances of c le f t  palate there was l i t t l e  evidence of genetic 
predisposition (Norman, 1963)«
I t  was thus unequivocally accepted by a l l  workers that environmental 
and acquired factors (in addition to the genotype) were acting  
teratogenically in humans to produce c le ft  palate. Very few of these 
were known, however, apart from maternal irradiation of the pregnant 
uterus (Warren, 1964) and possibly cortisone, although the exact position  
of high dosage cortisone as an human uranoschitogen is  s t i l l  uncertain.
h rillie n  ( 1 9 6 3 ) conducted a retrospective study of possible 
aetiological factors in the liv e s  of women who had given birth to 
children with c le f t  palate in the absence of a positive family history.
He found that such mothers were more lik e ly  to have suffered previous 
abortions and long unwanted gaps between conceptions. Such mothers were 
more lik e ly  to have other children with apparently unrelated congenital 
abnormalities.
These findings must be interpreted very guardingly, however, as a 
retrospective study of such an emotional event as the birth of a child  
with a disfiguring congenital abnormality is  inevitably extremely selective.
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Meskin, Gorlin and Isaacson (1964) undertook a survey to study 
the incidence of cleft uvula in Minneapolis, Minnesota. They found 
isolated cleft palate to occur with an incidence of 1 in 3,000, but 
cleft uvula to occur in 1 * 447° °f a population sample of 9>701 individuals. 
Males were slightly more affected than females. Considering that cleft 
uvula was a minor variant of cleft palate they deduced that palatal clefts 
of all forms of severity were more common than was usually considered.
In 1963> the first report of the association of a definite cleft 
palate syndrome with a recurring specific chromosomal abnormality was 
made (Smith, Patau, Therman, Inhom and De Mars, I963)• These workers 
found that the D trisomy syndrome (D group 13 “ 15) was constantly 
associated with a group of congenital defects, and postulated that the 
possession of the extra autosome caused the defects. Cleft palate was 
present in ten of their thirteen reviewed cases.
This finding provided the stimulus for a series of investigations 
of the karyotype of cells taken from tissue adjacent to the cleft palate 
of affected infants (see below).
Since the thalidomide disaster, clinicians were on guard for possible 
chemical agents which could cause malformations. Indeed, one chemical, 
meclozine hydrochloride, was suspected of being associated with human 
cleft palate by several workers (Lask, 1962; Watson, 1962; Macleod, 1962)• 
This suspicion was subsequently believed to be groundless and the drug 
was not withdrawn.
Thus at present, the approach to the pathogenesis of cleft palate 
in humans (of necessity purely observational investigation) is being
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approached along two separate themes. One is  the constant v igila n ce  of 
c lin ic ia n s  associated with such a f f lic t e d  infants and an attempt to 
correlate environmental facto rs common to groups of such in fan ts.
The second is  by d etailed  chromosomal an alysis of c e lls  from children  
with c le f t  p alate  (but without a p o sitiv e  fam ily h istory) in an attempt 
to elucidate the ro le  of genetic mutations. Several studies are h ighly  
relevant in th is  context.
The o r a l- f a c ia l-d ig i t a l  syndrome (OFD), which contains c le f t  palate  
as one of i t s  embryopathic features is  now w ell documented (Gorlin and 
Fsaume, 1962; Wahrman, Berant, Jacobs, Aviad and Ben-Hur, I966). In an 
example of th is  described by Wahrman et a l . (1966) chromosomal analysis  
revealed a XXY sex-chromosome co n stitu tion . In th is  case fibrous septa  
were found to run from the abnormally lobulated tongue to the margins 
of the alveolar c le f t s .
Walzer, Favara, Ming and Gerald (1966) described a new translocation  
syndrome between chromosome No. 3 and a group B member, in which b ila te r a l  
c l e f t  l ip  and complete c le f t  palate were associated with a syndrome of 
other defects (low -set ears, micrognathos, colobomata of the ir i s  e t c .) .  
This translocation syndrome occurred with s ig n ific a n tly  greater frequency 
among females.
Murphy and Reisman (1966) sampled tissu e from the margins of c le f t  
p alates from children with negative fam ily h is to r ie s  fo r  the t r a i t .
They found a number of cases of lo ca liz e d  autosomal chromosomal mosaicism, 
and suggested that the presence of such abnormal chromosomal patterns in 
palatin e tissu e  might cause asynchronous development of the growth
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centres with failu re of coalescence and fusion. They added that i t  was 
not impossible for the converse to occur. (That is ,  localized  defects 
in palatine development causing karyotype changes).
Soukup and ii/'arkany ( 1 966) analysed sim ilar tissue (fibroblast c e ll-  
cultures from marginal c le ft  palate tissu e ), but fa ile d  to find any 
chromosomal abnormality in six  cases which they described. Following 
this paper, Jackson (1966) also reported that he had been unable to 
demonstrate chromosomal abnormalities in a further eight cases of isolated  
c le ft  palate and thought i t  unlikely that chromosomal abnormalities would 
explain many cases of congenital c le ft  palate.
In addition to these more fundamental studies on human material 
the morphological associations of c le ft  palate continue to be investigated  
with increasing sophistication. Ross (1965)> f ° r example, undertook a 
detailed study of the morphology of the cranial bones of three hundred 
and forty-two children with c le fts  of the lip  and palate.
He found (a) that the cranial base is  smaller in children with such 
c le fts , but deduced that this was probably a manifestation of the 
generalized reduction in body size of these children; (b) that the 
component parts of the cranial base were essen tially  the same in both 
"cle ft"  and "non-cleft" children; and (c) no evidence of synostosis 
sphenoidale could be detected in children with c le f t  palate. Ross thus 
concluded that there was no evidence to support the contention that c le ft  
palate was related secondarily to any abnormality of the sphenoid bone.
In another cephalometric study, Atherton (1967) described the 
morphology of skull bones in cases of unilateral untreated c le f t  palate.
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He found that both maxillary and palatine bones on the side of the 
cleft lie slightly distally (i.e. retroplaced) to those on the non-cleft 
side. This phenomenon could be observed especially in the region of the 
posterior palatine spine. Atherton found, however, that there was no 
statistical difference in the palate width between the "cleft" and "non­
cleft" skulls that he studied.
Kitamura (1966) studied the distribution of keratinized epithelial 
remnant pearls in human foetuses with cleft palate. He noted that in 
normal palatine development the epithelial pearls only occur at the 
site of palatine shelf fusion. In every one of 80 specimens with cleft 
palate, Kitamura found epithelial pearls or remnants in one or both of 
the palatine shelves; he interpreted this as evidence that most cleft 
palates in man were the result of post-fusion rupture of the palate. He 
suggested, on theoretical grounds, that certain viral, hormonal and 
metabolic changes could explain rupture of these epithelial inclusions. 
Such an explanation would account for the known human cases of glossal 
agenesis accompanied by cleft palate but as yet no experimental proof 
of Kitamura's postulates has been forthcoming.
In this chapter, one has thus traced the progress of knowledge 
concerning cleft palate from its earliest origins, through its first 
description to the first theories which endeavoured to explain its 
genesis. One has described how we fully understand the genetic basis
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of its transmission and how this knowledge enabled workers to deduce 
that environmental and acquired agents were responsible for the majority 
of cases of cleft palate.
It is against this broad background, and with increasing under­
standing of the processes of normal palatine fusion, that the experimental 
investigation of the aetiology of cleft palate has developed.
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CHRONOLOGICAL SUMMARY
(CLEFT PALATE)
Prehistoric Era No fossil evidence of congenital cleft palate has 
as yet been discovered.
Pre-Christian Era Several examples of congenital cleft palate 
discovered. No reference to it in medical 
writings.
To 1000 A.D. First reports of congenital cleft lip in Greek 
writing. Earliest theories of the aetiology of 
congenital malformations were maternal impression. 
The theory of maternal impression, postulated as 
an uranoschitogenic factor, was present in ancient 
Hebrew, Hindu and North American cultures.
1660 First written description of the lesion of 
congenital cleft palate - Diary of John Ward.
1776 First successful operation by Le Monier of Rouen 
for the surgical repair of congenital cleft palate
1820 Several theories of the cause of cleft palate, 
other than heredity and maternal impression had 
been postulated. Fissure due to ulceration 
caused by cold, and syphilis were supposed causes. 
First theories of tongue pressure causing palatine 
clefts.
1874 Theory of inadequate foetal nutrition.
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1896 Am niotic bands thought to  p reven t c lo s u re  o f
embryonic c l e f t s .
1899 Adenoid lymphoid t is s u e  p o s tu la te d  as a
m echanical agent c a u sin g  f a i l u r e  o f  p a la t in e  
fu s io n .
1905 Emergence o f  "g la n d u la r  d y s fu n c tio n "  th eo ry  to
e x p la in  c l e f t  p a la te  -  prim ary d is o rd e r  o f  
p i t u i t a r y ,  thymus e t c .  thought to  be c a u s a lly  
r e la t e d .
I9O8 Warnekros th eo ry  developed -  c l e f t  p a la te  thought
to  be due to  supernumerary te e th  which had o fte n  
been n o tic e d  as a concom itant phenomenon.
1929 F ir s t  account o f  r a d ia t io n  - induced c l e f t  p a la te
in  human embryos.
1931 G en etic  a n a ly s is  su ggested  th a t  c l e f t  p a la te  was
tra n sm itte d  as a sim ple dom inant.
194O Theory o f  lo c a l  n e c r o s is  o f  p a la t in e  bones, due
to  v a s c u la r  in s u f f ic ie n c y ,  p o s tu la te d  by S ir  
A rth u r K e ith .
1942 Comprehensive g e n e tic  stu d y in  Denmark by Fogh-
Anderson. In cid en ce  o f  c l e f t  p a la te  was I .5  p er 
1000 b i r t h s .  I s o la te d  c l e f t  p a la te  was dem onstrated 
to  be a g e n e tic  e n t i t y  se p a ra te  from combined c l e f t -  
l i p  w ith  c l e f t  p a la te .
1956 S e v e ra l ca se  re p o rts  o f  c l e f t  p a la te  in  in fa n ts
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following high-dose maternal ingestion of cortisone
acetate during pregnancy.
Theory of maternal stress as a uranoschitic 
teratogen postulated by Strean and Peer.
1962 Case reports noting possible association in humem
foetuses between maternal ingestion of meclozine 
and c le ft  palate. Later refuted.
1963 Chromosomal abnormality (B^  trisomy) and c le f t
palate linked causally.
1966 Failure to demonstrate constamt chromosomal abnorma­
l i t i e s  from series of c le f t  palate cases.
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CHAPTER 3 .
Review o f  P a la t in e  Embryology.
Although an ato m ists and. p h y s io lo g is ts  understood the d e f i n i t i v e  
morphology and fu n c tio n in g  o f  both  hard and s o f t  p a la te s  by the e a r ly  
n in e tee n th  ce n tu ry  i t  was not u n t i l  the l a t e r  decades o f  the cen tu ry  
th a t  developm ental p ro c e sse s  o f  the p a la te  were f u l l y  in v e s t ig a te d . 
Durscy (I869) and H is (I8855 I892) c o n tr ib u te d  some o f  the e a r l i e s t  
such works on developm ental anatomy and d e scrib e d  in  o u t lin e  the 
sequence o f  an atom ical changes le a d in g  to  p a la te  c lo s u r e .
Tandler ( 1899)> in  a sh o rt re v ie w , d e scrib e d  the ju x ta p o s it io n  o f  
the tongue and n a sa l p ro c e sse s  p r io r  to  normal p a la te  c lo s u re  and noted 
tha/t p a la te  fu s io n  o ccu rred  a f t e r  the tongue had '’moved" i n f e r i o r l y .
The m orp h ological em bryology o f  normal p a la t a l  form ation  in  mammals 
was w e ll understood a t  the tu rn  o f  the cen tu ry  and G las (1904) p u b lish ed  
a t r e a t i s e  embodying em b ryo lo g ica l knowledge o f  the p a la te  a t  th a t  tim e.
In the same y e a r ,  B a lla n ty n e  (1904) fu r th e r  d e scrib e d  the sequenoe 
o f  anatom ical changes th a t o ccu r and d e scrib e d  how a r r e s t  o f  th e se  
p ro ce sse s  co u ld  le a d  to  c l e f t  fo rm a tio n . These e a r ly  co n cep ts were 
supported by the o b se rv a tio n s  o f  Wharton (1906) and P a u le t ( 1911) .
With the accum ulation  o f  human embryos, and stu dy o f  t h e i r  p a la t in e  
development from p a la t in e  s h e l f  form ation  to  s h e l f  c lo s u r e , knowledge o f 
p a la t in e  em bryology became q u ite  s o p h is t ic a te d  (S ic h e r , 1915)*
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Peter (1924), an embryologist of Greifswald, is usually credited 
with establishing a firm embryological base-line from which more 
specialized study has developed. In a most comprehensive investigation 
and review of secondary palate closure, he described in great detail 
the anatomical processes involved.
Prom the dorsal walls of the combined oro-naso-pharynx two vertical 
plates of tissue developed, which grew downwards on either side of the 
tongue. These rotated inwards to meet each other, separating the tongue 
from the nasal cavity in this process of apposition and fusion.
These concepts were further confirmed by West (1925)*
The sum of all these researches has come to be known as the 
"Classical Theory" of palatine formation. It is briefly summarized 
thus: The maxillary processes are blocked medially in their oblique
downward growth by the relatively large tongue whose dorsal surface rests 
against the skull base. From the seventh week the tongue drops caudally 
and the maxillary processes turn and grow towards the mid-line, arching 
over the tongue. Anteriorly, they fuse in the mid-line after nine weeks 
gestation, this process of fusion beginning anteriorly.
At the junction with the premaxilla no fusion occurs in the mid-line 
thus forming the incisive foramen. Posteriorly, the palatine processes 
fuse to form the soft palate and uvula. The nasal pit is now separated 
from the oral pit by the secondary palate as far posteriorly as the 
pharynx where the two unite through the secondary choanae (Stark, 1953)* 
Arey, Hamilton, Boyd, Mossman, Keith, and the authors of other 
standard textbooks of embryology describe the origin of the maxilla and
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definitive palate of Mammalia in considerable detail, The descriptions 
of His, the Hertwigs and others working in the latter decades of the 
nineteenth century laid the foundations of this interpretation, and the 
current accounts of the above authors are merely representations of 
this older work by His and the Hertwigs.
Doubt that the primary palate resulted from fusion of various 
facial and maxillary processes was stressed by Veau (1938) who studied 
a small collection of human embryos. Veau felt that the "classical" 
facial processes were always joined by epithelium rather than being 
physically separated by clefts. As additional support for this concept 
he drew attention to the occasional presence of the mixed epithelial 
and mesodermal "Simonart's band" bridging definitive facial clefts.
Veau postulated that the cause of clefts in the primary palate - 
those associated with cleft lip - were a failure of mesodermal penetration 
into the epithelial bridge. This theory, the "Theory of Mesodermal 
Penetration" has been supported by Stark (1954)-
A compromise between these two divergent opinions has been struck 
by Hoepke and Maurer (1938). These German workers considered that the 
classical theory explained normal primary palate formation but that if 
a cleft should occur because of interrupted fusion then some mesodermal 
penetration tended to occur in an attempt, as it were, to heal the cleft.
To date, the problem has not been finally resolved but as Stark 
(1 9 5 4) Has pointed out there are several observed features which suggest 
that a failure of mesodermal penetration is the most probable. For 
example, the classical theory does not account for the rare occurrence
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of the median cleft of the lip, whereas the mesodermal penetration 
theory explains this in addition to the presence of Simonart's bands, 
of rhinolalia aperta (due to defective mesodermally-derived palatal 
musculature), and of an absent lateral incisor tooth accompanying 
incomplete cleft lip on the affected side.
On the other hand, Steiniger (1941)(after studying the morphogenesis 
of cleft lip and palate in mice) found no evidence that the nasal 
processes had ever been united.
This problem of the embryological origin of the primary palate 
has no relation to the universally accepted mode of formation of the 
secondary palate, about which there is almost complete agreement by all 
workers.
One exceptional case is that of an isolated cleft of the hard 
palate (with intact normal soft palate posteriorly) described recently 
by Lynch, Lewis and Blocker (1966). These workers considered that this 
rare type of palatine cleft could not be explained embryologically by 
either theory. However the localized failure of a small segment of 
palatine shelf to move centrally would adequately explain the definitive 
lesion as no embryologist has demonstrated that anterior palatine fusion 
is a necessary induetant for caudal progression of the fusion process.
In 1933, Boyd presented a new classification for the upper lip in 
Mammalia and described the differences which exist between the fronto­
nasal processes and the two maxillary processes in different species.
In rabbits, for example, Boyd described how epithelial fusion occurs 
between the maxillary processes forming the lip; no mesodermal
67.
infiltration occurred, however, and the epithelial line subsequently 
disintegrated. Boyd did not discuss the comparative morphology of the 
palate.
Frazer (1940)> further analysing the anatomical embryology of 
palate closure in human material, drew attention to epithelial septa 
which separate the fused shelves. These remain for some weeks until 
mesodermal inward growth from each shelf penetrates this epithelial wall. 
Frazer also suggested that cleft palate could result from failure of the 
mesoderm to penetrate (wholly or in part) this epithelial wall.
This concept was confirmed by other observational embryologists 
(Keith, 1948; Bremer, 1957» Scott, I966).
Woo (1949b) studied cleared and Alizarin-stained human embryos and 
described in detail the relative importance of the various bony 
components that comprise the definitive hard palate. In another paper 
(Woo, 1949a) he pointed out that the palatine processes of the maxillae 
and the horizontal plates of the palatine bones overlapped. Thus the 
articulation and subsequent suture between them belonged to the squamous 
class of suture rather than the serrate type.
Scott (1955)» in a study of human palatine tissue, reported that 
epithelial cysts (the remnants of the epithelial coverings of the 
palatine shelves) were of "constant occurrence" in foetuses from 100 mm 
crown-rump length up to and including full-term.
After examining both sheep and human embryos for mid-palatal 
retention cysts Scott observed that they might remain as isolated solid 
cell groups (epithelial pearls) scattered along the middle line of the
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palate until the end of the third month. He observed that they did not 
normally interfere with the union of the bony elements in the hard 
palate or with the muscle attachments in the soft palate. Scott 
suggested that if these cysts grew at a rapid rate relative to the 
adjoining tissues they might lead to perforation of this part of the 
palate.
Scott also found that, in rats, the process of epithelial union 
and subsequent disintegration occurred within twenty-four hours (between 
the fifteenth and the sixteenth day post-coitum). Unfortunately he did 
not present any human or experimental histological evidence to support 
his thesis that palatal clefts could develop as a result of the presence 
or enlargement of these epithelial cysts.
Walker and Fraser (1956) described the mechanism of normal palate 
closure in the mouse, and showed that the process commenced with the 
shelves of the secondary palate hanging vertically from the roof of the 
common nasopharyngeal-oral cavity. The tongue was disposed between these 
two shelves, and the anatomical structure was very similar to that of 
man.
The change from the vertical to the horizontal position started 
posteriorly by a bulging of the shelf inwards over the tongue; this 
process proceeded in a wave-like manner anteriorly until the whole shelf 
lay dorsal to the tongue. Sometimes these workers found that this wave 
of directional change passed along one shelf more rapidly than along 
the other. This occasionally resulted in the situation where one shelf 
might be horizontal while the other was still temporarily vertical.
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In the mouse, fusion occurred in the reverse order to shelf 
apposition; i.e. from anterior to posterior.
To summarize, the modern concept of mammalian secondary palate 
formation in man can be described thus:
The primitive mouth and olfactory pits are formed by the middle 
of the third week. During the fourth week maxillary and mandibular 
processes are prominent and the tongue primordia is present. The 
olfactory pits rupture through the oro-nasal membranes thus establishing 
continuity between the nasal space and the oral cavity. The communicating 
spaces are known as the primitive choanae.
The palatine primordia grow as two lateral shelf-like projections 
from the maxillae and develop downwards in the vertical plane. In this 
position they are separated by the tongue.
By the beginning of the eighth week these vertical palatine plates 
have turned towards the horizontal plane but still remain separated by 
the tongue.
Due to "differential growth" (Arey, 1958) 'the tongue is displaced 
downwards, and by the tenth week the two palatine plates have begun to 
fuse in the mid-line. The apposition of these lateral palatine plates 
occurs in wave-like motion, from rear to front, but fusion occurs from 
front to rear.
As these palatine plates unite the nasal septum also joins the 
line of fusion from above. By the ninth week bone has appeared in the 
mesoderm of the lateral palatine plates.
The palatine ridges which develop are visible from this time, but
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Arey (1958) considers that their further development requires the post­
natal mechanical stimulus of food.
From the median nasal processes develop the median palatine process; 
this in turn forms the definitive premaxillary component of the upper 
jaw. Incomplete fusion between the median palatine process and the 
palate (maxillary component) forms the incisive foramen.
The process in the Rodentia is almost identical to the above 
description except that time relationships are modified.
Trasler and Fraser (1958) showed that foetal palate closure varied 
with different strains of mice; strains with earlier paiate closure 
were more resistant to the cleft-palate producing properties of cortisone. 
This concept is important in experimental teratology as it implies that 
significant interpretation of results can only be achieved if the exact 
time of palate closure is known in the particular strain of Rodentia 
used.
Burston (1959)> in a series of embryologlcal studies, confirmed the 
earlier concepts of primary and secondary palate closure. He further 
clarified the difference between primary and secondary palate closure 
and noted how defects in either process could lead to quite distinct 
definitive lesions. He redescribed the sequence of events which 
constitute palate formation. Firstly, development of maxillary processes 
which form the palatine shelves; migration and rotation of these shelves 
so that mid-line apposition occurs; breakdown of epithelial septa, and 
finally, mesodermal infiltration.
Kraus (i960) undertook a most comprehensive study of palate
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formation in one hundred and f ifty -o n e  human embryos which had been 
cleared and stained with A liza rin  Red S. Using cephalometric 
in terpretation  of th is  m aterial, he found that the palate and adjacent 
alveolar structures grew more rap id ly  in len gth than in breadth but that 
individual s p a tia l relatio n sh ip s between involved bones did not remain 
fixed  throughout the period of growth (7 -  18 weeks). The various 
dimensions of the p alate  increased at changing rates o f acceleration  
which, however, bore d e fin ite  and predictable relation sh ip s to one 
another.
Elevation of the p alatin e shelves above the tongue was studied in  
human embryos by Wood and Kraus (1962). These workers studied human 
embryos between eigh t and ten weeks of gestation  only. They found that 
elevation of the p alatin e  shelves above the tongue occurred from the 
anterior end and moved caudally; th is finding was at variance with that 
observed by Arey ( 1958) who studied human m aterial and by Walker and 
Fraser ( 1956) using mice. The concensus of opinion thus favours 
anteriorly-progressing p alatin e sh e lf  movement.
W illis  (1962) studied exact time sequences in p alate  closure in 
more d e ta il and noted that in normal human embryos the process of fusion  
was complete by the tenth week. By sixteen  weeks, however, although 
symmetrical s e r ia l bands of o s s ific a tio n  had almost reached the m id-line, 
bony union was s t i l l  incomplete.
Embryonic tongue p ositio n  and descent were studied by Moriarty, 
Weinstein and Gibson (1963) but as they used p r in c ip a lly  in v itr o  organ- 
culture techniques they fa ile d  to demonstrate con clu sively  the fundamental
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mechanisms controlled tongue descent.
However, this research team did describe the histological details 
and cellular morphology of the palatine processes prior to, during, and 
subsequent to fusion. They observed that epithelial remnants remained 
at the site of palatine shelf fusion in many, but not all, cases. They 
noted that these epithelial remnants were not consistent in character, 
sometimes remaining as double cell strands, single cell strands, or 
isolated groups of cells, and were occasionally absent.
Thus by the beginning of this decade the anatomical aspects of 
palate formation were well understood. Subsequently, workers have 
concentrated on elucidating the underlying biochemical changes that 
determine the definitive anatomical development.
Larsson (l962a) used both autoradiography (with "^S-labelled 
sulphate) and histochemistry to investigate the role of mucopoly­
saccharides in mammalian palatal closure. He concluded that sulpho- 
mucopolysaccharides impart to the intercellular matrix an ''internal 
force". In zones rich in fibroblasts the polymerization and aggregation 
of the high molecular acid mucopolysaccharides (with binding of water) 
imparted to the tissue a raised tension or pressure, resulting in 
development of a force which caused a change in shape. This constituted 
*the "internal force" of the unfused palatine shelves which resulted in 
their turning horizontally from their less advanced vertical position.
In a subsequent paper, Larsson (1962c) confirmed in his own 
experimental mouse palates that prior to palate fusion the histology of 
the palatine shelves was dominated by fibroblast zones. On the fifteenth
73 -
day a bone primordium appeared but the epithelium in the lin e of 
fusion between the palatine shelves remained as scattered is le ts -  In 
addition, Larsson considered that the hitherto prevailing theory -  
that the internal force of palatine shelves was due to their e la stic  
fibres - could not be substantiated, either by sp ecific  e la stic  stains 
or by electron microscope studies.
In 1966, Scott showed in a series of embryological studies that the 
degree of arching of the hard palate was probably determined by the 
degree to which the tongue "moved'’ in ferio rly. This downward displacement 
of the tongue followed foreward and downward growth of the mandible.
Thus i t  can be seen that the understanding of the normal embryology 
of the secondary palate has been a re la tiv e ly  unimpeded progression; 
the advance of knowledge in this f ie ld  has not been marked by the highly 
divergent views or radical differences of opinion that have been such a 
feature among experimental embryologists interested in abnormal primary 
palatine development.
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CHAPTER 4
Chronological Review of the Literature of Experimentally-Produced 
Cleft Palate and of Factors Influencing its Embryogenesis 
and Definitive Morphology.
The study of experimental teratology in general, and of 
experimentally-produced cleft palate in particular, is of comparatively 
recent origin.
The first systematic teratologist, Saint-Hilaire, mentioned cleft 
palate in his "Des Anomalies" in 1836. Dareste in 1877 first began 
successfully to interfere with embryogenesis by manipulating the physical 
environment of incubating hen eggs, thus pioneering the discipline of 
experimental teratology as we know it today. Panum (1888) attempted 
without dramatic results to modify palatine development in avian embryos 
by inducing the formation of amniotic bands.
Most early investigators in this new science of experimental 
teratology were concerned either with very early changes in the dividing 
blastocyst or with gross somatic changes such as partial body 
duplication. The experimental models used were almost invariably aquatic 
species, fish and sea urchin ova being popular.
The experimental embryologist, Hertwig (I892), undertook a series 
of studies of cleavage in developing embryos; he noted that, in 
tadpoles, closure of various developmental clefts could be delayed by
75
treating the ova with common salt.
Having produced various developmental defects by these methods he 
postulated that clefts of the lips and palate could be caused by uterine 
disease in the mother; he suggested that such uterine disease resulted 
in the production of toxins in the amniotic fluid which could prevent 
closure of facial end palatine clefts (Hertwig, 1892; ibid, 1893; 
ibid, 1897)*
The first report of experimental transmission of cleft palate was 
published by Sutton (1890). He described how in 1886 he had procured a 
pig with a cleft lip and cleft primary palate and how he had shown that 
the defect could be transmitted through several generations. The 
pedigree that Sutton described shows that the defect was transmitted as 
an autosomal dominant.
This is surprising as it is now known that in hurnans the combined 
cleft lip and cleft palate defects are transmitted, when they occur 
hereditarily, as recessive traits (Fogh-Anderson, 1946; Oldfield, 1959)*
Several reports of cleft palates occurring in zoo carnivores were 
ma.de at this time. Strauss (1914) studied congenital abnormalities in 
the animals of the Berlin Zoo, and reported that, prior to 1909» thirty- 
two jaguar cubs had been b o m  with cleft palates. The pregnant mothers 
had been fed on cold meat from which all the blood had been allowed to 
escape. After their diet had been changed to one containing warm bloody 
meat no further cubs with cleft palate had been bom. Similar reports 
of cleft palates amongst the offspring of lions and jaguars which had 
been fed boneless meat were made by Scheff (1 9 1 0 ) and Kahn and Lee (19 2 5)•
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Stockard (1921), of Cornell University Medical College, held the 
view that all types of congenital deformities not of hereditary origin 
could be interpreted solely as developmental arrests. In a classic 
series of experiments he used the common minnow, Fundulus heteroclitus. 
and subjected the embryonic forms to periods of refrigeration. Many 
abnormal developmental forms resulted and "the mouth and branchial 
region may exhibit almost any known defect". However, no specific 
mention of palatine defects was made.
It was not until 1931» however, that Heed and Snell established 
the experimental genetics of cleft palate on a scientific basis. They 
reported the occurrence of a cleft lip and cleft palate mutant in their 
albino mouse colony. By selective breeding they undertook a 
comprehensive study of its subsequent genetic transmission. This was 
the first controlled experimental endeavour to elucidate the factors 
which influence the development of congenital cleft palate.
Reed and Snell reported that the responsible factor behaved as a 
single recessive gene, and noted that human pedigrees for combined cleft 
lip and cleft palate behaved in a genetically identical manner.
They studied the anatomy of the bones involved and found that the 
affected bones were the paired premaxillae, maxillae, palatines and 
the internal pterygoid processes of the alisphenoids. The palatine 
components of all these were attenuated and laterally displaced (Reed 
and Snell, 1931)*
The finding of spontaneous cleft lip and cleft palate mutants in 
mouse colonies was also subsequently recorded in four other laboratories
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(Cloudman, 1932; Steiniger, 1939; iincus, 1952; Grüneberg, 1952). 
Grüneberg particularly noted how the murine lesion "resembles closely 
harelip and cleft palate as found in man and many other mammals not 
only in its appearance, but also in its genetic behaviour".
This fact was important as it showed the experimentalists could 
use Rodentia to produce an acceptable model of the human counterpart 
(i.e. cleft palate).
A further developmental study of murine cleft palate was undertaken 
by Reed (1933) using his same strain of genetically susceptible mice 
which he had described in 1931« He noted that the palatine clefts was 
due to a combination of two distinct features; firstly, a retardation 
of rotation of the palatine shelves from the vertical to the horizontal 
plane, and secondly, a failure of inward growth so that apposition and 
subsequent fusion could not occur.
No malformations of any dental structures were observed; for this 
reason Reed rejected the older «Varnekros Theory (Warnekros, 1908; ibid, 
1909) which had postulated that palatine clefts were due to the presence 
of supernumerary teeth.
Reed also stressed that the interposition of the tongue could not 
cause the palatine shelves to remain separated "as the tongue withdraws 
from the palate by the time the abnormal palatine processes are ready to 
grow in the horizontal plane".
This opinion was at variance with the popularly held theory of the 
time that the tongue was the mechanical agent which prevented palatine 
fusion (Vrolik and Nicati, 1820; His, 1885; Fick, I9O2).
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In 1934 Wolff subjected heads of chicken embryos to measured 
exposures of X-Rays which he demonstrated caused damage to maxillary 
anlage. He produced a superficial defect "similar to congenital lesions 
found in the human lip s  and cheek", but whether or not true c le f t  lip  
and c le ft  palate were produced is not clear.
Earlier experiments using radium emanation had fa ile d  to produce 
c le f t  palate in embryo rats (Gudernatsch and Bagg, 1920), and Bailey and 
Bagg (1923), in an extensive review of the experimental and c lin ic a l  
literatu re to that date, did not x*eport the occurrence of irradiation- 
induced c le f t  palates among the many embryopathic sequelae that resulted  
from irradiation. Murphy and Renyi (1930) faile d  to produce c le f t  
palate in the offspring of irradiated albino rats although limb and 
d ig ita l defects were produced.
Hale (1935) reported the results of experiments to investigate the 
embryological sequelae of maternal hypovitaminosis A in pigs. Describing 
the syndromes of deformities that he found, he recorded that a l l  foetuses 
had c le ft  lip  and some in addition had c le ft  palate. Only three l it t e r s  
of p iglets were subjected to f u ll  autopsy examination.
No mention was made of details  of the Vitamin A deficien t d iet, and 
the percentage of offspring with c le ft  palate was not recorded. The 
most obvious manifestation of the teratogenic e ffe c t was anophthalmos; 
using this as the most sensitive embryopathic index, Hale showed 
conclusively that the teratogenic effects  observed could not have been 
due to any genetic predisposition. He did this by careful genetic cross­
breeding experiments on the boars, sows and affected offspring.
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Furthermore, the deformities, including cleft palate, were directly 
caused by the Vitamin A deficient diet to which the gilts were subjected 
during pregnancy.
This was the first mammalian uranoschitio teratogenic technique to 
be discovered. The concept that lack of dietary nutrients were likely 
to cause cleft palate was not new, but Hale was the first to specifically 
conduct a controlled experiment to demonstrate this fact.
Earlier reports of the effect of Vitamin A deficiency on pregnancy 
had not revealed any teratogenic effects on the palate (Zilva, Golding, 
Drummond and Coward, 1921; Sure, 1928; Hart, Mead and Guilbert, 1932; 
Hale, 1933). In some studies, however, reproductive failure had occurred 
(Evans and Bishop, 1922).
Later studies which endeavoured to demonstrate the teratogenicity 
of hypovitaminosis A in species other than pigs were also negative 
(Moore, Huffman and Duncan, 1935» Mason, 1935» Tansley, 1936; Newton, 
1938; Cannon, 1940).
The teratogenic effects of nutritionally inadequate diets were well 
demonstrated by Noback and Kupperman ( 1 94-4) but no cleft palates occurred 
in the embryopathic syndrome which they produced in Wistar rats.
Cannon also specifically examined for cleft palate in rat foetuses 
whose mothers had been exposed to diets deficient in Vitamin A, and 
concluded "if rat females have sufficient Vitamin A to enable them to 
bear any young, their offspring are anatomically normal". This 
observation showed that, in uranoschitic teratology, species specificity 
was a factor to be taken into account in all experimentation.
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Job, Leibold and Fitzmaurice (1935) studied the embryolethal and 
teratogenic effects of X-irradiation on embryo rats. They mapped "critical 
periods" of radiation exposure and found that jaw development was defective 
when exposure occurred on the eleventh day. The nature of the jaw defects 
was unfortunately not specified.
Zondek (1935) reported the development of a narrow and vaulted palate 
in the thyroidectomized dog; it was also claimed that thyroidectomy of 
newborn sheep resulted in inhibition of maxillary growth and failure of 
sutural closure in the palate region (Todd, Wharton and Todd, 193Q).
In an uncontrolled retrospective study of the incidence of cleft 
palate in the United States, it was shown that cleft palate occurred more 
frequently in iodine deficient areas than in euthyroid regions (Brown, 
1939), but no claim for a causal relationship was made.
Franke and coworkers produced beak abnormalities in chicks by egg 
injection with elementary selenium, sodium selenite and sodium selenate; 
however their report is not clear whether or not palatine abnormalities 
were produced concomitantly with these beak defects (Franke, Moxon, Foley 
and Tully, 1936).
Following his earlier experiments on genetic factors which influenced 
the production of cleft lip and palate in mice, Reed (1936a) showed that 
murine transmission of the defect was one of neither simple dominance nor 
simple recessiveness; rather, the cleft palate phenotype depended on 
"one recessive gene with modifiers, or the co-operation of a small number 
of cumulative genes".
In this work, Reed postulated that some hypothetical factor
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(necessary for normal palatine development) was supplied by the mother in 
a certain fin ite  quantity -  the smaller the l i t t e r ,  the more o f the 
substance for  each embryo. Accordingly, small l i t te r s  should have a 
lower incidence o f c le ft  lip  and palate compared with larger l i t t e r s .
Using his strain o f albino mice with a high incidence o f genetically- 
transmitted c le f t  palate, he produced s ta tis tica l evidence to support this 
theory. L itters with five  to seven foetuses showed an incidence which 
was average for  the colony, larger l it te r s  had a higher frequency and 
smaller lit te rs  had fewer such affected members.
Heed also noted that differences in c le ft  lip  and palate 
expressivity depended on sex (higher incidence in males), the age o f the 
mother (younger mothers producing more affected o ffsp rin g ), and other 
"intangible chance factors".
After mathematical assessment o f his data, he concluded that 
variations in the expressivity o f "spontaneous" c le f t  l ip  and c le ft  palate 
were due to the total genotype complex in only seventeen percent o f cases, 
the remaining eighty-three percent being caused by environmental factors. 
Of the environmental causes, only ten percent could be mathematic silly 
attributed to l i t t e r  size and other known factors.
Reed followed this paper with another (Reed, 1936b) in which he 
undertook a comparative analysis o f the known factors which modified 
the incidence o f the c le ft  lip  -  palate complex both in mice and in Man. 
His murine analyses were made after an examination o f over eleven thousand 
mice. He concluded that in both mouse and human pedigrees there was a 
male preponderance for the mixed defect, and that le ft-s id e d  c le fts
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predominated. He considered that presumably the excess of c le f t - l ip  
males in both human and murine pedigrees was due to physiological 
differences between the sexes and was not due to a gene complex on one 
of the sex chromosomes.
This study showed a strikin g correspondence between the genetic 
mechanisms underlying c le f t  lip  - palate transmission in both human and 
murine pedigrees. Heed introduced the concept of "environmental 
regulation" to reduce the frequency of the defect in populations in which 
i t  occurred, but he did not specify any particular factors which could do 
this either in human or murine populations.
Stupka (1938) reported several experiments in which fa c ia l and 
palatine c le fts  were produced in puppies by administration of thyroid, 
ammonium sulphate, ether, or alcohol to the pregnant mothers. Steiniger  
(1940) interpreted these results by supposing that a hereditary basis 
for c le ft  palate, i f  present, could be ea sily  unmasked by non-specific  
environmental manipulation.
Steiniger further demonstrated that the crude anterior p itu itary  
extract "Preloban", when injected into pregnant mice, raised the incidence 
of c le ft  lip  and palate from it s  "spontaneous" level of ten percent in 
the specific strain which he used to seventeen percent. This was the 
f ir s t  report of the potential of a hormone to act as an uranoschitic 
teratogen. Steiniger used a to tal of two thousand three hundred embryo 
mice and his results were s ta t is t ic a lly  sign ifican t.
Also in 1940, Warkany and Nelson began a series of studies on the 
teratogenic effects in Sprague-Hawley rats of a rachitogenic maternal
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d ie t. In their f ir s t  two papers, they reported that offspring horn to 
such mothers showed a variety of skeletal defects including rib fusion, 
syndactyly, and mandibular and maxillary defects. Brachygnathia was 
found in thirty-two percent of offspring but the maxillae were usually 
normal. No mention of c le ft  palate was made (Warkany and Nelson, 1940; 
ibid, 1941).
In the same year, Glass injected "Antuitrin G", (a growth hormone 
preparation) intraperitoneally into a strain of mice manifesting 
spontaneous c le ft  lip  with or without c le ft  palate (Glass, 1940). In a 
manner similar to S tein iger's he showed that the spontaneous incidence 
of these lesions was increased by the hormone injection.
Áncel and Lallemand (1942) described various types of upper beak 
defects in chick embryos; they found that many such defects occurred 
spontaneously, but that the percentage of such beak defects could be 
increased by the injection of eserine and some sulphamines into the 
incubating egg. The defects observed were brachygnathia superioris, 
deviated beak, and "eagle beak". Some of these lesions were associated  
with defects of the lateral parts of the face.
These experiments were subsequently extended by Cravens, McGibbon 
and Sebesta (1944) who produced a "parrot beak" deformity by maintaining 
adult hens on a biotin -d eficien t diet for twelve weeks. No d eta ils  of 
the severity of the lesion and i t s  associated palatine changes were 
described. The lesion was usually associated with syndactyly and tib ia l  
and metatarsal deformities.
Warkany, Nelson and Schraffenberger (1943} discovered that
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riboflavin-deficiency (induoed by dietary means in female rats) caused 
cleft palate as one facet of the widespread embryopathic syndrome which 
resulted. Using this research tool, they then studied the evidence for 
the relative importance of genetic and environmental factors in the 
production of cleft palate. Their results supported those of other 
workers (e.g. Seed, 1936a) who had concluded that the normal processes 
of foetal development which lead to the formation of the normal palate 
could be disturbed by environmental modification.
Comparative studies of human twins and certain mice strains with a 
hereditary tendency to cleft palate showed that non-genetic factors 
modified considerably the phenotypic manifestations of the underlying 
genotype. They reasoned that if this were in fact true as seemed likely, 
then eugenic measures to control the incidence of cleft lip and palate 
must also consider environmental as well as the more traditional genetic 
factors.
The finding that riboflavin-deficiency could induce cleft palate 
and other defects was confirmed in the succeeding year (Waxkany, 1944)» 
and later by Piccioni and Bologna (1949) and Leimbach (1949)- Giroud and 
Boisselot (1947) eilso produced cleft palate by riboflavin-deficiency but 
failed to produce syndactyly in the composite embryopathic syndrome.
In a subsequent paper, Warkany (1945) reported that in regard to 
riboflavin-deficiency as a rodent uranoschitogen, the thirteenth day of 
gestation was critical. If maternal riboflavin-deficiency was not 
induced until that day, no affected offspring resulted. The clefts 
induced by maternal riboflavin-deficiency were localized to the secondary
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palate. Warkany gave no details of the percentage of cleft palate 
foetuses produced by this manipulation.
A further paper (Kalter and Warkany, 1956) further confirmed this 
early understanding of the role of riboflavin deficiency in 
uranoschitogenesis. The entire embiyopathic syndrome was described in 
considerable detail and strain differences among mice were established. 
Strain DBA was the most susceptible, and C57BL the most resistant, to the 
uranoschitogenic and other teratogenic effects of galactoflavin-induced 
riboflavin deficiency.
Subsequent to the first series of riboflavin-deficiency experiments 
in 1943- 45> a second method of producing cleft palate in rats was 
discovered by subjecting pregnant rats to X-irradiation (Warkany and 
Schraffenberger, 1947)- These workers used a single lumbo-sacral portal 
and a single exposure, and found that a dose of 890r - 95On produced 
ninety percent of offspring with cleft palate if irradiation was 
performed on Day 14 of gestation. (The first day of gestation was 
designated Day 1).
Cleft palates were produced in irradiated foetuses by a single dose 
on any day from Day 10 to Day 16 inclusive, but the most sensitive times 
for irradiation were Day 14 and Day 15* Wo investigation of pathogenetic 
mechanisms were undertaken in this study. These results were further 
summarized in another extensive paper on experimental teratogenesis 
(Kalter and Warkany, 1959)»
As early as 1922, Bagg had produced ocular, testicular and 
neurological abnormalities in rat foetuses by injecting 5OO millicuries
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of a radium salt and by gamma irradiation. Bagg specifically looked for 
other defects but did not produce cleft palate. Job, Leibold and 
Fitzmaurice (1935) bad also extensively studied the embryopathogenic 
effects of X-irradiation and although finding "jaw defects" did not 
specifically report the production of cleft palate.
Ancel in 1947 made several further reports of chemical teratogenetic 
mechanisms in the palate and maxillae of chick embryos. He injected a 
mixture of 0.125 mg of eserine sulphate and 0.016 mg of tryptaflavine 
into 48 hour chick embryos. Twenty-six percent of the resulting chicks 
showed agenesis of the maxillary border and palatine vault (Ancel, 1947a)* 
In chicks with palatine agenesis an extensive communication existed 
between the buccal and nasad cavities. This defect was often observed 
to be associated with micrognathos of the inferior beak. Ancel further 
reported that this specific defect was not a spontaneously-occurring one. 
Ho instance of chemically-induced maxillary agenesis was produced as an 
isolated defect, all being associated with widespread non-specific lesions 
such as brachymelia and amniotic dysgenesis.
In a second communication on this subject (Ancel, 1947b)> he called 
the mixed beak, facial and maxillary defect "Gueule de loup", i.e. wolf- 
face. Ancel demonstrated that eserine sulphate, when injected into the 
egg along, produced beak abnormalities in addition to brachymelia and 
syndactyly, but no abnormality of the palatine vault resulted. 
Tryptaflavine, however, when injected alone caused the typical maxillary 
and palatine deformity described in his earlier communication (Ancel, 
1947a). Using tryptaflavine as the palatine teratogen he shov/ed that the
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percentage of chicks affected was dose-dependent.
Ancel completed his reports of palatine and other defects induced 
in chicks with tryptaflavine in an extensive monograph on chemical 
teratogenesis (Ancel, 195°a) He described how the maxillary defect 
consisted of absence of the lateral part of the superior beak, abnormally 
wide nostrils and an abnormally-scalloped beak edge. The anterior part 
of the palatine arch was absent.
Chicks have a normal median palatine fissure, but Ancel noted that 
apart from beak development, the embryogenesis of the frontal, nasal and 
maxillary buds was similar in mammals and birds. He considered that 
tryptaflavine-induced palatine deformity was due to changes in the 
palatine processes of the maxillae. The "critical period" of egg- 
injection for a teratogenic dose of tryptaflavine was found to span the 
eighth and ninth days of incubation.
In a study of comparative palatine teratogens (Ancel, 1950b), he 
showed that palatine defects could not be induced by egg-injection of 
insulin, eserine sulphate, or deoxycorticosterone.
Boisselot confirmed the earlier findings of Warkany et al. (1943) 
that a maternal diet deficient in vitamin was teratogenic in rats; 
offspring whose mothers (while pregnant) had been subjected to such a 
diet manifested a diffuse non-specific embryopathy which included cleft 
palate (Boisselot, 1948)• The teratogenic effects produced by vitamin B^ 
deficiency included syndactyly, rib fusion and abnormalities of the 
sternum. The cleft palate occurred without associated cleft lip. 
Boisselot elaborated these findings in two subsequent papers (Boisselot,
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1949; i b id ,  1951) .
In  1948, two e x c i t in g  d is c o v e r ie s  were made in  t h i s  f i e l d ;  th e  
f i r s t  two u r a n o s c h i t ic  chem ical te r a to g e n s  f o r  r a t s  were found in  which 
g e n e t ic  in f lu e n c e s  p lay ed  l i t t l e  o r no p a r t .
G illm an and cow orkers in  S ou th  A fr ic a  p u b lis h e d  t h e i r  c l a s s i c  p ap e r 
on try p a n  b lu e  t e r a to g e n e s is ,  and f i r s t  showed th a t  c l e f t  p a l a te  co u ld  
be e x p e r im e n ta lly  p roduced  in  r a t  fo e tu s e s  by th e  a d m in is t r a t io n  o f  a 
chem ical te ra to g e n  to  th e  m other (G illm an , G i lb e r t  and G illm an, 1948).
A wide v a r ie ty  o f  d e f e c ts  com prised  th e  te r a to g e n ic  syndrome o f which 
th e  c l e f t  l i p  -  p a la te  complex was b u t one sm all and r e l a t i v e l y  
in f re q u e n t  f a c e t .  In  th e  two fo e tu s e s  in  w hich c l e f t  p a la te  was in d u ced , 
th e  d e f e c t  was a s s o c ia te d  w ith  h y d ro c ep h a lu s , sp in a  b i f i d a  and t a i l  and 
eye d e f e c ts .  One a f f e c te d  fo e tu s  was exposed to  try p a n  b lu e  dosage on 
th e  f i f t h  day o f g e s ta t io n  and th e  o th e r  on th e  e ig h th  day. I t  h as  been 
shown, however, t h a t  try p a n  b lu e  does n o t p roduce c l e f t  p a l a te  i f  g iven  
as a s in g le  i n j e c t i o n  on Day öjg o f  g e s ta t io n  in  th e  r a t  (Fox and Goss,
1956).
This f in d in g  c lim axed  th e  se a rc h  f o r  a  chem ical u r a n o s c h i t ic  
te r a to g e n  and was th e  l o g ic a l  s c i e n t i f i c  r e s u l t  o f in v e s t ig a t io n  s in c e  
th e  tim e o f H is and H ertw ig  in  th e  l a t e  n in e te e n th  c e n tu ry . In  a 
subsequen t p u b l ic a t io n  th e s e  f in d in g s  were confirm ed  (G illm an , G i lb e r t ,  
Spence and G illm an, 195”0 j a lth o u g h  t h e i r  r e s u l t s  have been m isquo ted  
by some a u th o rs  ( e .g .  M orison, 1963)« In  1952, Hamburgh s u c c e s s f u l ly  
u sed  try p a n  b lu e  to  induce c o n g e n ita l  l e s io n s  in  mice fo llo w in g  th e  
e a r l i e r  d em o n stra tio n  by G illm an e t  a l . (1948) t h a t  t h i s  dye was
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teratogenic in rats. Although a diffuse embryopathic syndrome resulted 
in foetal mice also, no specific mention of cleft palate was made by 
Hamburgh. Similarly, Waddington and Carter ( 1952) did not report cleft 
palate among the congenital defects which they induced in mice with 
trypan blue.
In the same year Haskin (1946) showed that nitrogen mustard was 
another uranoschitic chemical teratogen. He used a dose of 1 mg per 
kilogram of nitrogen mustard (methyl - bis amine hydrochloride), 
administered by subcutaneous injection serially on Day 12 to Day 15 of 
gestation. A widespread non-specific embryopathy resulted which included 
cleft palate, bony defects in the occipital bones, amelia, hind-limb 
adactyly, tail abnormalities and mandibular brachygnathia.
By modifying the dosage regime, Haskin produced cleft palates by 
two serial daily injections on Day 13 and Day 14» but limb and other 
defects remained present. The cleft palate produced by nitrogen mustard 
was of the post-alveolar type. The combined deformities were interpreted 
by Haskin as symptomatic of general developmental retardation at a 
critical period in foetal development. An excess zone of necrotic tissue 
at the placental periphery of the more grossly affected foetuses prompted 
the speculation that transient malnutrition was a causal factor.
These teratogenic effects of nitrogen mustard were confirmed by 
Danforth and Center (1954) who obtained cleft lip and other non-specific 
defects in mice with three serial daily intraperitoneal injections of 
nitrogen mustard starting on Day 10 of gestation.
In 19 5 0, Hussell undertook a large study of radiation embryopathy
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in mice. Whole-body irradiation in doses from 200r to 500^  were used. 
Although snout defects were present among many lesions produced, no 
mention of cleft palate was made (Russell, 1950)* This finding was at 
variance with that of Y/arkany and Schraffenberger who had shown in 1947 
that X-Rays could produce cleft palate in Rodentia, l'io explanation for 
this dichotomy was given in Russell's report.
In 1950> Ingalls and coworkers demonstrated that maternal anoxia 
was uranoschitogenic in the mouse (Ingalls, Curley and Prindle, 1950). 
These workers subjected pregnant mice to anoxia for five hours and 
observed both foetal resorption and teratogenic effects which included 
cleft palate, skeletal deformities and anencephaly. Counting the time of 
observation of the vaginal plug as Day 1, they found that Day I4 was the 
most critical period in which anoxic insult could produce cleft palate. 
This work supported the earlier concept of "critical periods" for cleft 
palate teratogenesis, first suggested in this context by Warkany in 1945* 
Ingalls et al. found maternal anoxia to be a potent cleft palate teratogen 
(albeit not site-specific) and produced nine foetuses with this lesion 
from three maternal mice subjected to anoxic stress.
Giroud and Lefebvres-Boisselot in 1951 showed that deficiency of 
folic acid was teratogenic in the rat. A syndrome of non-specific defects 
was produced which included cleft palate and cleft lip, atrophy of the 
nasal fossae and ocular colobomata. They induced acute folic acid 
deficiency by feeding a folic-acid free diet with the addition of oral 
succinylsulphathiazole, an intestinal antibiotic (Giroud and Lefebvres- 
Boisselot, 1951a; ibid, I95IB). Unfortunately, they did not specify at
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which period of gestation this treatment was commenced. Control rats 
receiving succinylsulphathiazole alone did not produce deformed young, 
and test rats which had produced cleft palate offspring whilst deficient 
in folic acid produced normal offspring in subsequent control pregnancies.
The production of cleft palate in the foetal rat by acute folic acid 
deficiency was also described in the same year by O'Dell, Whitley and 
Hogan (1951)* These workers were particularly interested in the high 
incidence of hydrocephalus that occurred in folic acid deficient embryos 
but noted that cleft lip and palate were other facets of the embryopathic 
syndrome.
In a rather doubtful publication, Giroud, Giroud, Martinet and 
Vargues (1951) claimed that subclinica! infection with typhus caused a 
widespread embryopathy in mice, and one of their eighty-eight deformed 
foetuses had a cleft palate. They injected Rickettsia prowazeki cultures 
intraperitoneally on the ninth day of gestation and, although no clinical 
infection was observed, elevated specific antibody titres were demonstrated.
In 19 5 0» Baxter and Fraser, working at the McGill Medical School, 
reported the results of their preliminary studies into possible teratogenic 
actions of cortisone. They found that cortisone was an effective 
uranoschitogenic chemical teratogen. This finding laid the foundations 
for much of the experimental teratology of the developing palate for the 
next one and a half decades.
Baxter and Fraser used both Strain À and "Raked" strains of mice and 
injected cortisone at various dosages. They found that 2.5 mg of cortisone 
comprised a teratogenic dose, producing various deformities including
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cleft palate and cerebral hypoplasia. Only nine mice were used in these 
experiments and no accurate dating of conception was performed. Never­
theless, using four or five serial daily injections commencing 
approximately on hay 11, they found that cleft palates could be induced 
in forty-four percent of offspring.
The cortisone-produced clefts varied in severity, occupying from 
one third to almost all the area of the hard palate. In no case did the 
cleft extend into the alveolar ridge and no case of cleft palate was 
associated with cleft lip.
This exciting finding was quickly confirmed by Fraser ( 1951 ) who 
reported that he had again succeeded in producing cleft palate in the 
offspring of mice treated with cortisone during gestation. Fraser gave 
the credit of this exciting discovery to hr. Hamilton Baxter who first 
suggested its investigation as a teratogen. This confirmation proved to 
stimulate great interest in palatine teratology, and cortisone was 
subsequently used in many studies to investigate the pathogenesis of 
cleft palate.
Fraser showed that the teratogenic response was dose dependent, and 
that a daily injection of 2.5 mgm of cortisone was the most effective 
dosage pattern. He further speculated that other environmental agents 
might act as teratogens through the intermediate stage of adrenal stimulus.
This important finding of cortisone teratogenicity in mice was 
quickly followed by another confirmatory paper (Fraser and Fainstat,
1951a). They used five genetically distinct groups of mice, and injected 
cortisone acetate intramusculary on four consecutive days of gestation.
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Cleft palate was not the sole defect produced, and like all other 
uranoschitic teratogens known at that time, was not site-specific in 
action; in this case cranial defects and spina bifida were also produced. 
Mandibular shortening also occurred in treated foetuses.
The incidence of cortisone-induced cleft palate varied according 
to the genetic constitution of the mice, the dosage of cortisone acetate 
used, and the gestational stage at which the cortisone was first injected.
Dosage of 2.5 mg per day for four days resulted in minimal resorption 
and the resulting incidence of cleft palate varied between twenty-nine 
percent and seventy-nine percent depending on the genetic strain of the 
mice used. The tenth and eleventh days were the most susceptible, a fact 
which again confirmed the earlier hypothesis of "critical periods" during 
palatine embryogenesis.
Very significantly, some cleft palates were produced by commencing 
cortisone dosage on the sixteenth or seventeenth days, that is after the 
murine palate has normally closed. Fraser and Fainstat thus suggested 
that cleft palate might be due to degenerative changes in the fused 
palate as well as the more traditionally held theory of arrested maxillary 
development. In a subsequent contribution they suggested that the 
teratogenic effects of cortisone might act through its protein catabolic 
action (Fraser and Fainstat, 1951b).
Interestingly, Fraser (1955) reported that attempts to confirm the 
degenerative action of cortisone on an already fused palate had been 
unsuccessful, and suggested that previous suspicions that cortisone clefts 
might arise in this way (Fraser and Fainstat, 1951a> Fraser et al., 1953;
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ibid; 1954) could not be supported experimentally.
At this time, Conn, Lewis and Fa jans (1951) suggested that 
17-hydroxycorticosterone (Compound F) was produced in the human adrenal 
cortex under ACTS stimulation. With this in mind, and with the recent 
discovery of the uranoschitogenic action of cortisone then well known, 
Kalter and Fraser (1952) tested 17~hydroxycorticosterone for similar 
teratogenic activity. In a small study of twenty foetal mice which had 
been subjected to the drug, nineteen manifested cleft palate.
Cheng and Thomas (1952) fed female Sprague-Lawley rats a vitamin E 
deficient diet from weaning. These rats were then mated and if given a 
single dose of 1.2 mg of d, 1-alpha tocopherol acetate by intubation they 
produced live but malformed young. The highest incidence of abnormalities 
occurred if this treatment ?;as given on Day 10 of gestation. The 
embryopathic syndrome induced by hypovitaminosis E included cleft palate, 
cleft lip, brachygnathia, exencephaly, syndactyly and oedema. These 
results were confirmed in a subsequent paper (Cheng and Thomas, 1953)*
Nelson, Asling and Evans (1952) showed that pteroylglutamic acid 
deficiency was teratogenic in rats, producing a widespread non-specific 
embryopathy which included cleft palate, brachydactyly, syndactyly and 
tail deformities. The deficient diet by which the hypovitaminosis was 
produced contained 0.5 percent of a crude PGA antagonist. This diet was 
most effective if given from the tenth day of gestation. Ninety-five 
percent of viable young so produced had multiple defects.
This work was further elaborated in 1955 when it was shown that 
PGA deficiency caused cleft palates which were particularly wide and
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extensive and which involved both median and lateral palatine processes 
(Nelson, Wright, Asling and Evans, 1955)*
In 1952» following their earlier demonstration that maternal anoxia 
was a rodent uranoschitic teratogen, Ingalls and coworkers used simulated 
high-altitude anoxia to induce congenital deformities in white mice 
(Ingalls, Curley and Prindle, 1952)«
Depending on the gestational period at which exposure to anoxia 
occurred, a syndrome of congenital abnormalities was produced which 
included cleft palate, interventricular septal defects, anencephaly, 
hemivertebrae, fused ribs and the "open-eye" lesion. They observed that 
cleft palate could be induced by hypobaric anoxia by its application on 
the fifteenth gestational day only; the other groups of defects which 
comprised the embryopathic syndrome similarly had a time-specific period 
during which they could be produced by this anoxic procedure.
A simulated altitude of 27,000 feet produced 13*4 percent of 
foetuses with cleft palate. These workers noted that the alisphenoid 
bones and the internal pterygoid processes of the murine skull were 
intact in foetuses with cleft palate, but made no mention of any lateral 
displacement of the pterygoid processes.
Cohlan (1953) was the first to demonstrate that excessive vitamin 
intake was potentially teratogenic. He administered excessive vitamin A 
in large doses by stomach tube to pregnant Wistar rats. Prolonged 
administration was necessary to achieve hypervitaminosis A and Cohlan 
commenced daily dosage on Day 2, 3 or 4, continuing with serial daily 
dosage until Day 16. A non-specific syndrome of multiple congenital
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abnormalities resulted among which were included cleft lips and cleft 
palates.
This finding was subsequently confirmed in several careful studies 
(Cohlan, 1954; Kalter and <Varkany, I96I; Poswillo, I96I).
Thiersch (1952) used 4~amino~pteroylglutamic acid (a folic acid 
antagonist) to induce human therapeutic abortions; an examination of 
eight aborted foetuses following this procedure revealed many congenital 
deformities among which cleft palate and cleft lip were present.
From McGill University in Montreal, Canada, Fraser and his coworkers 
(who had first shown that cortisone was an uranoschitic teratogen) 
published a series of important papers in 1953 and 1954 elaborating their 
discovery in greater detail. In 1953 it was shown that ACTS injected 
into pregnant rats caused foetal death, resorption and cleft palate in 
the offspring (Fraser, Fainstat and Kalter, 1953)*
Using cortisone-induced uranoschisis as a research tool, these 
workers also showed that, in mice, important influences were produced by 
the genotype on the final palatine sequelae of injected cortisone.
Genetic analysis showed that differences in resistance of different mice 
strains to the uranoschitogenic action of cortisone were largely due to 
the maternal, and not the foetal, genotype. (This concept was slightly 
modified in subsequent reports). Using an appropriate cortisone dosage, 
at the appropriate stage of gestation in a genetically-susceptible strain 
of mice, cleft palates could be produced in one hundred percent of the 
foetuses from treated mothers.
In confirmation of earlier work (Fraser and Fainstat, 1951a)> Fraser
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and his team again found that cortisone could induce cleft palate in 
mouse foetuses whose mothers had received cortisone after the foetal 
palate had closed. This again suggested that, in some cases at least, 
the cleft palate was the result of degenerative changes rather than 
failure of palatine shelf apposition and fusion. As stated above, this 
interpretation was later modified.
In an important series of experiments they showed that the incidence 
of cortisone-induced cleft palate could not be influenced by the 
concomitant administration of testosterone propionate, DCA, insulin or 
vitamin
12
In 1954» Ftaser and coworkers showed that ACTH was also an 
uranoschitogenic agent in mice (leaser, Kalter, Walker and Fainstat, 
1954). In a study of cleft palate pathogenesis, using cortisone-induced 
clefts as the experimental model, they noted that the first observable 
effect of cortisone on the developing palate was a delay in rotation by 
the palatine shelves. In addition, they further elaborated their genetic 
investigation of the influence of the genotype on cortisone-induced 
uranoschisis.
Using reciprocal crossing techniques, they demonstrated that factors 
which were responsible for strain differences in response to cortisone 
reside in both the maternal as well as the foetal genotypes.
Working in the same Department as Fraser, Fainstat (1954) showed 
that cortisone was also teratogenic in the rabbit} he produced sixty 
percent of cleft palate foetuses among offspring whose mothers had 
received 30 rng of cortisone acetate for four days commencing on Day 14
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of gestation. The cleft palates produced in rabbits were of the post- 
alveolar type. In addition, Fainstat noted that all embryos exposed to 
cortisone were subnormal in size and weight, and were frequently dead.
A high incidence of foetal resorption was also observed.
Fainstat drew attention to the fact that it was thus apparent that 
cortisone had only limited species specificity and warned against its 
widespread use in human patients who were pregnant, at least until its 
full teratogenic ramifications were understood.
As a further contribution to the subject of cortisone-induced 
uranoschisis, Kalter (1954) showed that Strain A mice were relatively 
susceptible to the palatine deforming effects of cortisone, whereas 
C57bl* animals were comparatively resistant. Kalter used reciprocal 
crossing of the two strains and then crossed the F^ females to Strain A 
malesj he discovered that the factors controlling susceptibility to 
cortisone-induced cleft palate were not cytoplasmically inherited, and 
that such factors involved both maternal and foetal genotypes. This 
latter finding supported the work of Fraser et al. (1954)-
Kalter also demonstrated that no sex difference was evident in the 
susceptibility to cortisone-induced uranoschisis. An analysis of his 
genetic data suggested that susceptibility to cortisone-induced 
uranoschisis was not related causally to relative sterility.
G-iroud (19 5 4) summarized the relationships between maternal vitamin 
deficiencies and subsequent teratogenic effects in the offspring. He 
noted that both riboflavin and folic acid deficiencies resulted in a 
high incidence of foetal cleft palate in the rat. Although he discussed
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the variations in severity of various abnormalities resulting from 
different dosage levels, he failed to specify whether or not such 
differences in expressivity of the teratogens used applied specifically 
to the palate as well as to other defects.
'Phis point is of considerable importance as it is well known 
clinically that the factors leading to cleft palate in humans may be 
expressed simply as minute uvulal notching (Meskin et al., 19 64) or as a 
more severe cleft even involving complete failure of formation of the 
entire secondary palate.
Wilson (1954a) undertook a comparative study of the teratogenic 
effects of different pathological states during pregnancy in the rat.
He subjected pregnant rats to post-haemorrhagic anaemia, and although 
a foetu3 was b o m  with spina bifida, polydactyly and oedema, none had 
cleft palate. Trypan blue induced a wide range of defects, but when 
injected between the seventh and eleventh days of gestation, no cleft 
palates resulted. This was at variance with the earlier findings of 
Gillman et al. (1948)* Wilson failed to produce cleft palate following- 
high maternal dosage with carbon tetrachloride and by producing severe 
maternal hypovitaminosis A; from this he concluded that non-specific 
influences that happen to act at critical periods of foetal development 
were not necessarily teratogenic, however severe quantitatively they might 
be.
This concept of "critical periods" was firmly established in 
teratological concepts by this time.
The work of Hussell and Hussell (1954)» however, raised an important
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new concept. These two workers had produced over one hundred different 
types of congenital abnormalities in mouse embryos by maternal 
X-irradiation during gestation. They found that, with respect to 
X-irradiation, cleft palate resulted from irradiation at two distinct 
and separate "critical periods". One period was from Day 6 to Day 9> and 
the other from Day 10 to Day 15 or 16.
The cleft palates so produced by the teratogenic action of 
irradiation at the two different periods of gestation were morphologically 
identical at full-term; Russell and Russell noted that "this was 
interesting in view of the marked differences in developmental states 
at the times of the initial disturbance".
The most sensitive period for the production of cleft palate by 
irradiation was the 10¿ “ 1 %  day; this was similar to the most sensitive 
period for the commencement of cortisone administration but differed from 
that of trypan blue which was most effective when injected on Day 7 and 
Day 8. Only three of the many irradiation-induced embryopathic lesions 
described by Russell and Russell showed two "critical periods"; in 
addition to cleft palate, deformity of both the atlas and the tail showed 
this bimodal effect.
In a second report, in elaboration of this finding, Russell (1954) 
showed that the second critical period could be slightly extended by 
giving a higher dose of irradiation - greater than 400r, whereas 200 - 
300r was sufficient to induce the lesion if given as a single dose between 
Day 9 and Day 11, and between Day 12 and Day 14* She extrapolated rather 
dangerously in discussing the pathogenesis of irradiation-induced
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uranosehisis at these different critical periods and considered that 
this finding indicated "two entirely different precursor processes for 
the abnormality". No further investigation was reported to support this 
claim.
In a study in comparative teratology, ffarkany (1954) used both 
X-irradiation and maternal riboflavin deficiency as uranoschitogenic 
agents. He noted that both were effective if applied between Day 13 and 
Day 14* The basic embryopathic syndrome produced was similar for both 
agents, and consisted of cleft palate, micrognathia, tongue protrusion, 
syndactyly, talipes and shortening and abduction of the extremities. 
Irradiation, however, also produced encephalocoele and polydactyly, 
lesions not produced by riboflavin deficiency. He observed no difference 
in morphology of the cleft palates induced by either method, although 
small differences in defects of the mandibular rami and corpora were 
found. For example, irradiation produced shortening and deformity in 
both corpus and ramus, but riboflavin deficiency produced shortening of 
the corpus mandibulare only.
These mandibular defects described by «Varkany were of significance 
as it is now known that mandibular deformity is often associated with 
cleft palate, for example in the human Pierre-Robin syndrome.
In a further study in comparative teratology, Landauer (1954) 
summarized the effects of different teratogens which were capable of 
causing beak defects in chicks. He reported that sulfanilamide, eserine, 
insulin, boric acid, pilocarpine and thallium were potent agents capable 
of inducing beak lesions when injected into four - or five - day
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in c u b a t in g  eg g s, b u t t h a t  o f th e s e ,  on ly  two (b o r ic  a c id  and p i lo c a r p in e ) ,  
w ere c a p a b le  to  in d u c in g  a s s o c ia te d  p a l a t i n e  d e f e c ts .  No m ention  o f 
A n c e l 's  f in d in g  in  1947 o f  th e  p a la t in e -d e fo rm in g  e f f e c t s  o f  t r y p ta f l a v in e  
was made.
hangman and van F aassen  (1955) p roduced  m a lfo rm atio n s in  th e  
o f f s p r in g  o f  W is ta r  r a t s  t h a t  had been p a r t i a l l y  th y ro id e c to m iz ed  seven  
to  t h i r t y - e i g h t  days b e fo re  co n c e p tio n  o cc u rre d . The most f r e q u e n t  d e f e c ts  
were a b n o rm a li t ie s  o f  th e  eye , b u t  c l e f t  l i p ,  c l e f t  p a l a te  and r e ta r d e d  
s k e le t a l  o s s i f i c a t i o n  were a ls o  p r e s e n t .  This r e p o r t  o f  a  t e r a to g e n ic  
e f f e c t  o f  h y p o th y ro id ism  on th e  p a la te  su p p o rted  o th e r  s im i l a r  f in d in g s  
(Zondek, 1935} Todd e t  a l . ,  1938; Brown, 1939) b u t was a t  v a r ia n c e  w ith  
th o se  o f  o th e r  w orkers who had d en ied  t h a t  h yp o th yro id ism  p e r  se  was 
a s s o c ia te d  w ith  any te r a to g e n ic  e f f e c t s  on th e  fo e tu s  (K rich esk y , 1939» 
Krohn and W hite, 1950» Krohn, 1950)*
I t  w i l l  a ls o  be r e c a l l e d  t h a t  S tupka (1938) c la im ed  to  have induced  
c l e f t  p a l a te  in  g e n e t i c a l ly - s u s c e p t ib le  dogs by th e  m a te rn a l a d m in is t r a t io n  
o f th y ro id .  Thus th e  s i t u a t i o n  o f th e  u ra n o sc h ito g e n ic  p o t e n t i a l  o f  
h yp o th yro id ism  s t i l l  rem ains to  be c l a r i f i e d .
In  1955» Warkany and D euschle r e p o r te d  f u r th e r  r e s u l t s  from  t h e i r  
s tu d ie s  on th e  developm ent o f  c l e f t  p a l a te  in  r a t s  fo llo w in g  m a te rn a l 
r i b o f la v in  d e f ic ie n c y .  They produced  f o r ty - f o u r  c a ses  o f  c l e f t  p a la te  
from one hundred exposed fo e tu s e s .  H is to lo g ic a l  exam in ation  showed t h a t  
th e  c l e f t  p a la te  so p roduced  co u ld  be d a te d  back to  changes in  th e  p re -  
c a r t i l a g in o u s  s ta g e  o f  th e  d ev e lo p in g  p a la t in e  s h e lv e s .  The m an d ib les  
from many c l e f t  p a l a te  embryos were abnorm al a ls o ,  o f te n  show ing se v e re
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distai hypoplasia. In many affected embryos premaxillary incisors were 
absent.
In the study of these rats with cleft palates they also observed 
many abnormal incisors showing increased convexity and length reduction; 
cleft lip, however, was not observed in this riboflavin-deficient 
embryopathic syndrome. In connection with the association of cleft 
palate and dental abnormalities these authors did not mention, however, 
the dental association of human cleft palate with the supernumerary teeth 
which are often seen at the anterior margins of the cleft.
Thus by the middle 1950's it was known that acute deficiency of 
several vitamins could produce cleft palate in Rodentia and that excess 
of one vitamin (vitamin A) could also induce congenital embryopathy. This 
latter finding, described first by Cohlan in 1953, was subsequently 
confirmed in 1956 when Giroud and Martinet reported their findings showing 
that excessive vitamin A administration could have teratogenic results. 
These workers injected one million units of vitamin A per gramme into 
pregnant Wistar rats for three successive days and examined the foetuses 
on hay 21.
They observed a syndrome of congenital defects whose range depended 
on the time of commencement of hypervitaminosis A. '»Then treatment was 
given from hay 14 to hay 16 inclusively, cleft palates alone were observed 
in the foetuses; when treatment was begun before hay 10, no cleft palates 
were observed, but micromelia, microphthalmia and syndactyly were found; 
after hay 18, cataracts only were produced.
If the vitamin A was injected daily from hay 11 to hay 14, ninety-two
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percent of viable embryos had cleft palate, and this was the highest 
incidence of any of the defects produced. The secondary palate only was 
involved resulting in a full-length cleft causing complete communication 
between the oropharynx and the nasopharyngeal canal.
They considered that the underlying mechanism causing the cleft 
palate was growth stunting of the palatine shelves as they found that no 
dehiscence of a previously fused palate had occurred.
Azaserine, a potent nucleic acid antagonist, was found to be 
teratogenic by Murphy and Karnofsky (1956). They administered single 
injections of azaserine intraperitoneally to pregnant Wistar rats in a 
dose of 2.5 mg per kilogram body weight. When treatment was given on 
Day 10 to Day 13 conspicuous gross malformations were present among the 
twenty-one day old foetuses. These lesions were confined to the skeleton 
and included cleft palate, cleft lip, deformed tails, limb abnormalities, 
fused ribs and fused vertebrae.
These results were confirmed by Thiersch using Long-Evans rats; he 
also noted that azaserine was teratogenic when administered orally on 
Day 8 (Thiersch, 1957)*
Using cortisone-induced cleft palate in mice as an experimental 
model Kalter (1956) studied various factors which would reduce its 
occurrence. He demonstrated that the incidence of cortisone-induced 
clefting decreased with increasing maternal weight. In addition, he 
showed statistically that increasing litter size and increasing maternal 
age also resulted in fewer foetuses with cleft palate.
In mice producing litters of equal size, therefore, heavier animals
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had fewer affected offspring than did lighter ones. Kalter suggested 
that the underlying mechanism to explain these findings could be that the 
ketogenic action of cortisone induced fat breakdown before protein 
catabolism occurred; thus heavier mice would withstand protein catabolic 
effects longer. 'This explanation, however, did not take into account the 
fact that no evidence had been forthcoming to show that lipid metabolism 
was selectively affected prior to protein breakdown.
This theme, the search for factors which would modify the incidence 
of cortisone-induced uranoschisis, is of great fundamental significance. 
Kalter (1959) continued this study and showed that large quantities of 
riboflavin, folic acid, dextrose and protein did not affect the incidence 
of cortisone-induced cleft palate in mice. However, he confirmed his 
earlier finding (Kalter, 1956) that maternal weight was of great 
significance in the incidence of abnormal offspring borne after cortisone 
admini strat i on.
In the same year, Trasler, Walker and Fraser (1956) showed that 
puncture of the amniotic sac of foetal mice on Day 13 of gestation 
resulted in cleft palate formation and a high incidence of embryolethality 
with subsequent resorption. In a rather small study, fourteen maternal 
mice were subjected to laparatomy and the amniotic sacs of the embryos 
punctured with the escape of amniotic fluid. Six aborted or resorbed 
their litters; and of the seventeen surviving embryos, ten had cleft 
pala,tes. Trasler et al. suggested that the loss of amniotic fluid caused 
constriotion of the embryo with the result that the head was hyperflexed 
on the chest. This then probably forced the lower jaw and tongue upwards
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between the unfused palatine shelves, preventing their apposition.
This same active group of investigators also reported their studies 
on the teratogenically polyfactorial aetiology of cleft palate (Fraser, 
’Walker and Trasler, 1957)* Using cortisone-induced clefts in mice as the 
experimental model they demonstrated that large species differences in 
susceptibility existed. Using reciprocal crossing they excluded the 
possibility of any cytoplasmic factor which would cause different 
phenotypic penetrance. They concluded that normal palate closure involved 
a delicate integration of several processes including an intrinsic 
palatine shelf force which enabled both shelves to overcome the resistance 
of the interposed tongue, and enabled them to fuse in the midline.
This force could be impaired by foetal or maternal gene action or 
by cortisone, or could be rendered ineffectual by the greater resistance 
of the tongue following amniotic inuncture. They also concluded that too 
wide a head or too narrow palatine shelves would result in non-apposition 
of the horizontally-disposed shelves.
Millen and Woollam (1957) showed that the teratogenic effects of 
hypervitaminosis A in rats could be potentiated by the concomitant 
administration of high-dosage cortisone although cortisone itself was 
not teratogenic in the Wistar rats which they used. With specific regaxd 
to cleft palate, they demonstrated that the incidence could be raised 
from complete absence to one hundred percent of cleft palate foetuses if 
cortisone acetate was injected concurrently with vitamin A acetate 
(Woollam and Millen, 1957)*
The cleft palates so obtained involved the secondary palate only,
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and no case of associated cleft lip was observed in the sixty-five cleft 
palate embryos examined. The cleft palate was but one facet of a diffuse 
congenital embryopathy which included anencephaly, exencephaly and 
hydrocephalus.
Ingalls and Curley (1957) showed that hydrocortisone acetate could 
cause cleft palate in the foetal mouse by a single injection; this was 
a new concept as all earlier workers had used four successive daily 
injections as the uranoschitogenic manipulation. Using such a single dose 
they found that the twelfth day of gestation was the critical time of 
drug administration.
The percentage of affected foetuses was also dosage dependent, 5 mg 
of hydrocortisone causing fifty-two percent of cleft palate offspring and 
10 mg causing sixty-four percent. The clefts so produced were always 
mid-line in distribution and none were associated with cleft lip. This 
finding was in marked contrast to that of Fraser and Fainstat in 1951 i11 
which cleft palate was sometimes combined with cleft lip in their A/Jax 
strain of mice.
In the same year, this research team reported that pregnant mice 
kept for two hours in six percent oxygen at normal atmospheric pressure 
on the tenth day of gestation produced deformed foetuses (Curley and 
Ingalls, 1957). The embryopathic syndrome (including cleft palate) was 
of the same type as that produced by hypobaric anoxia described earlier 
by these workers (Ingalls et al., 1952)•
However, their earlier work had shown that Day I5 of gestation was 
the most sensitive for '’anoxic'1 development of cleft palate and in this
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re p o r t  th ey m anipulated the oxygen p ercen tag e  only on Day 10. Thus the 
f u l l  in te r p r e ta t io n  o f  anoxic u ra n o sc h ito g e n e s is  a t  normal atmospheres 
was not f u l l y  e lu c id a te d .
In one o f  the b e st experim en tal s tu d ie s  undertaken to  d a te , F itc h
(1957) conducted an e x te n s iv e  and m eticu lou s su rvey in to  the causes o f  
c l e f t  p a la te  o ccu rrin g  n a tu r a lly  in  two mutant s t r a in s  o f  m ice. She 
showed q u ite  u n e q u iv o ca lly  th a t d i f f e r e n t  em bryopathogenic mechanisms 
could  r e s u l t  in  the same d e f in i t i v e  le s io n .
Both mutant s t r a in s  produced bone and c a r t i la g e  a b n o rm a litie s  as 
w e ll as c l e f t  p a la te .  One s t r a in ,  the " u r o g e n ita l1* (u r) r e c e s s iv e  m utant, 
m an ifested  c l e f t  p a la te  which was due to  the p a la t a l  p ro c e sse s  being- 
sm a lle r, in  a l l  dim ensions, than normal; thus th ese  h y p o p la s t ic  p a la t in e  
sh e lv e s  d id  not " s e a l"  the base o f  th e  n a sa l c a v i t y ,  w hich was o f  normal 
s iz e  in  t h is  s t r a in  o f  m ice.
The second s t r a in ,  the "phocom elic" (pc) v a r ie t y ,  m a n ifested  se v e re  
a b n o rm a litie s  o f  c a r t i la g e ,  bones and te e th . The chondrocranium  was 
m is-shapen, and c a r t i la g e  was found in  areas where no c a r t i la g e  norm ally  
e x is te d ;  th is  abnorm ality co u ld  be tra c e d  back to  p r e c a r t i l aglnous 
s ta g e s  when the mesenchymal condensations which would form the abnormal 
c a r t i la g e  cou ld  be seen . These two b ars o f  c a r t i la g e  in  the zone where 
p a la ta l  s h e l f  movement o ccurred  were thought to  c o n s t itu te  a m echanical 
in te r fe r e n c e  to  r o ta t io n  o f  the p a la t a l  p ro c e sse s .
In a fu r th e r  communication on the causes o f  d if fe r e n c e s  in  c o r t is o n e -  
induced u ra n o sc h is is  in  d i f f e r e n t  s t r a in s  o f  m ice, T r a s le r  and F ra se r
(1958) showed th a t s t r a in s  w ith  e a r l i e r  p a la te  c lo s u re  were more r e s is t a n t
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to the uranoschitogenic effect of cortisone than were strains whose 
palate closure was relatively delayed.
Nishihara (1958) demonstrated that both oestrone and oestradiol 
benzoate acted as uranoschitic teratogens in mice. Timing gestation 
from vaginal plug identification taken as Day 1, they injected these 
hormones daily from the eleventh to the sixteenth days of gestation 
using Webster-Swiss strain mice. At identical dosages, these two 
oestrogenic hormones produced cleft palates with the same frequency. 
Nishihara found a dose response relationship and produced a maximum of 
thirty-five percent of affected embryos.
Unfortunately, Nishihara did not report whether other defects were 
present or whether cleft lip was associated with the palatine defects.
No mention was made whether examination for other defects had been 
undertaken and no histological studies were performed. The most serious 
criticism of this work is that it was not stated whether or not cleft 
palate occurred spontaneously in this mouse colony.
Nishimura and Nakai (195¿0 demonstrated that nicotine when injected 
subcutaneously or intraperitoneally caused a syndrome of non-specific 
congenital defects, one of which was cleft palate. These workers used 
Strain S mice (Japanese Institute of Genetics) and a dose of 0.025 mg per 
gramme of body weight; injections were given on Day 8 and Day 9*
Cleft palate could not be produced with nicotine by injection later 
than Day 9 of gestation. This teratogenic manipulation produced severe 
embryolethal and resorptive effects in addition to its teratogenic action. 
Nishimura and Makai did not report the percentage of cleft palates which
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they encountered, and it was not clear whether gestation was timed from 
Day 0 or Day 1 taken as the day of copulation.
In the following year, however, Geller (1959) failed to confirm the 
teratogenic action of nicotine in rats and administration of nicotine at 
any stage during gestation had no effect upon body development, litter 
size, foetal weight or foetal morbidity. This failure to induce 
abnormalities with nicotine in rats but not in mice was another example 
of marked species specificity and its importance in the experimental 
investigation of cleft palate.
Y/alker ( 1959 ) further investigated the phenomenon of cleft palate 
formation following the technique of amniotic sac puncture first reported 
by Trasler et al. (1956). He used various combinations of amniotic fluid 
withdrawal, amniotony with release from the enveloping membranes, and 
uterine compression. These manipulations were performed immediately 
prior to the period of anticipated palatal closure.
His observations on subsequent palate development lead to the 
hypothesis that foetal membranes could compress the foetus and cause cleft 
palate only when pressure in the amniotic sac was reduced. He failed, 
however, to demonstrate conclusively whether the loss of amniotic fluid 
itself was uranoschitogenic, since his numbers of surviving embryos freed 
from both amnion and uterus were too small to be interpreted statistically.
Burston (1959) undertook an embryologies! study of cleft palate 
formation and redescribed known factors which could lead to its formation, 
both in human embryos and in experimental animals. He drew attention to 
human embryos with cleft palate in which mesoderm had failed to penetrate
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the p a la tin e  sh e lv e s. He p o stu la ted  f iv e  fa c to r s  which could r e s u lt  in  
f in a l  non-union o f the p a la tin e  sh e lv e s . These were (a ) g ro ss  
in terferen ce  with the m igration and development o f the o r ig in a l m axillary  
p ro c e sse s ; (b) a fa i lu r e  o f the e p i th e l ia l  coverings o f the p a la tin e  
p ro ce sse s and n asa l septum to degenerate, thus preventing mesodermal 
fu sio n ; (c )  a f a i lu r e  o f co-ord ination  between fa c to r s  cau sin g  in crease  
in head width and growth o f p a la tin e  p ro c e sse s ; (d) the form ation o f 
c y sts  in the degenerating epithelium  with subsequent enlargement, and 
(e) f a i lu r e  o f the mandible (and hence the tongue) to  descend, thus 
preventing the ap p osition  o f the p a la tin e  sh e lv e s.
Warkany and Takacs (1959) used methyl s a l ic y la t e  to study the 
pathogenesis o f congen ital abnorm alities in r a t s  and found th at 
subcutaneous in je c t io n s  o f th is  drug produced c l e f t  p a la te , c l e f t  l ip  
and other n o n -sp ec ific  d e fe c ts . This was the f i r s t  d iscovery  th at 
s a l ic y la t e s  were terato gen ic  and subsequent workers (Larsson , Ericson  
and Boström, 1964» T ra s le r , 1965) demonstrated th at other su b st itu te d  
s a l ic y la t e s  could ac t  in s im ila r  fash ion .
Warkany and Takacs dated conception from Bay 1 counted as the time 
o f id e n t if ic a t io n  o f in trav ag in a l spermatozoa and in jec ted  the methyl 
s a l ic y la te  as a s in g le  dose on e ith e r  Day 9i 10 or 11*
In i 960, Nishimura and Nakai found th at c a ffe in e  could a lso  induce 
c l e f t  p a la te  in mice in s im ila r  fash ion  to th e ir  e a r l ie r  d iscovery  with 
n ico tin e  (Nishimura and Nakai, 1958)* This fin d in g  was subsequently 
confirmed (Nakai, 1961) .  The c l e f t  p a la te s  occurred in conjunction with 
brachydactylism , syndactylism , polydactylism  and pes varus. The c r i t i c a l
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period for a single injection with caffeine to produce cleft palate was 
between Day 9 and Day 13, with the highest incidence of the lesion 
occurring if injection occurred on Day 12 or Day 13*
Further confirmation of the teratogenicity of ACTH was provided by 
Heiberg, Kalter and Fraser (1959)• It will be recalled that ACTH was 
first shown to be uranoschitogenic in mice (Fraser et al., 1953) but 
Heiberg et al. greatly extended these observations. Using â/Jbx mice, 
they injected 6 - 8  International Units of ACTH once daily for four days 
commencing on Day 13 of gestation; this treatment produced 9*2 percent 
of young with clefts of the secondary palate compared with a spontaneous 
incidence in the particular mouse strain used of 0.3 percent. The cleft 
palates produced were identical with those caused by cortisone injection.
Walker and Crain in i960 demonstrated that experimentally-produced 
cleft palate in the rat could be morphologically graded into three 
categories, depending on whether the palatine shelves were both vertical, 
one vertical and the other horizontal, or both horizontal. They claimed 
that by the application of this grading system one could more accurately 
assess the uranoschitic action of a teratogen.
Using this system Walker and Crain found that hypervitaminosis A 
affected the palates of A/Jax mice considerably more severely than those 
of the C5 7BL strain. This system of palatine coding has not been 
universally accepted by experimental teratologists interested in cleft 
palate.
Following the demonstration that low atmospheric oxygen could cause 
cleft palate in mice (Ingalls et al., 1952; Curley and Ingalls, 1957)»
113.
a fu r th e r  stu d y  o f  f o e t a l  Ischaem ia in  r a ts  showed th a t  th is  l a t t e r  s p e c ie s  
a ls o  was s u s c e p t ib le  to  s im ila r  e f f e c t s  ( F e ild , K reshover and Liebemnan, 
1960)» These workers occluded the c ir c u la t io n  o f  one u te r in e  horn by the 
a p p lic a t io n  o f  sm all b u lld o g  clam ps. Sprague-Dawley r a ts  were used .
The clamps were a p p lie d  f o r  p erio d s  o f  ten  to  s i x t y  m inutes a t  
g e s ta t io n a l  s ta g e s  ran gin g  from Day 7 to  Day 17* The o p p o site  (unclamped) 
u te r in e  horn served  as a c o n tr o l.  Three p e rcen t o f  e ig h t  hundred and 
seven ty-on e v ia b le  fo e tu se s  which had been thus exposed to  isch aem ia  were 
g r o s s ly  deformed; h a l f  o f  th e s e , th a t  i s  I .5  p ercen t, had c l e f t  p a la t e s .
No c l e f t  p a la te s  were observed in  the c o n tro l s e r i e s .  This r e s u l t  was 
s t a t i s t i c a l l y  s i g n i f ic a n t  ( P < 0 . 01 ) .  The in cid e n ce  o f  f o e t a l  death  and 
subsequent re s o rp tio n  was a ls o  g r e a t ly  in c re a se d .
'These workers thus co n sid ered  th a t  p a la t in e  development co u ld  be 
s e v e r e ly  a f fe c t e d  by in te r fe r e n c e  w ith  both the p la c e n ta l c ir c u la t io n  
and the oxygen ation  o f  i t s  co n ta in ed  b lo o d .
F ra se r , in  i960, review ed  to  d ate  some o f  the known cau ses o f  
e x p e rim e n ta lly  produced c l e f t  p a la te  and s tr e s s e d  the in flu e n c e  o f  the 
g e n e tic  background a g a in s t  which c o rtis o n e  or am niotic sac puncture m ight 
a c t .
C o r r e la t in g  the experim en tal evidence w ith  known fe a tu r e s  o f  the 
human le s io n , iV a se r  co n sid ered  th a t  good evid en ce  then e x is te d  fo r  
a c ce p tin g  the th e s is  th a t  both g e n e tic  and environm ental te ra to g e n s  
e x is te d  as causes o f  human c l e f t  p a la te .  In a human g e n e tic  stu d y  to  
am p lify  th is  prem ise he c i t e d  s e v e r a l fa m ily  s tu d ie s  to  prove the g e n e tic  
b a s is  o f  c l e f t  l i p  and c l e f t  p a la t e .
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In a d d it io n , he noted the v e ry  s i g n i f ic a n t  f a c t  th a t  in  s i x t y  p e rcen t 
o f  monovular tw ins in  which one member had a c l e f t  l i p  the o th e r  was 
u n a ffe c te d . T his p o in t s tr e s s e d  th e  im portance o f  in t r a - u te r in e  v a r ia b le s .  
In t h is  re g a rd  i t  i s  p e r t in e n t  to  mention S i n c la ir  and M ackay's ca se  ( 1945) 
in  which one member o f  a p a ir  o f  co n jo in ed  tw ins had a c l e f t  l i p  w h ile  the 
o th e r  was u n a ffe c te d  in  t h is  re g a rd .
F ra se r f e l t ,  however, th a t  search es fo r  p re n a ta l environm ental 
te ra to g e n s  in  humans were l i k e l y  to  be unrewarding in  most c a s e s , as 
anim al s tu d ie s  had shown th a t  the g e n e tic  p re d is p o s it io n  o f  an embryo was 
o f  key fundam ental im portance in  d e c id in g  i t s  r e a c t io n  to  an environm ental 
te ra to g e n . In the sea rch  fo r  human environm ental te ra to g e n s the genotype 
o f  the fo e tu s  was u s u a lly  unknown, and co m p lete ly  u n c o n tro lla b le .
By 196O the number o f  known environm ental c l e f t  p a la te  te ra to g e n s 
was q u ite  la r g e  and fu r th e r  in v e s t ig a t io n  in to  the m orphogenesis o f  the 
le s io n  was g r e a t ly  f a c i l i t a t e d  by u s in g  th ese  agents as re se a rc h  to o ls  
w ith  in c re a s in g  f a c i l i t y .  A s lin g  and coworkers stu d ied  the m orphogenesis 
o f  c l e f t  p a la te  in  r a t s  u s in g  m aternal p te ro y lg lu ta m io  a c id  d e f ic ie n c y  as 
the u ra n o sch ito g en ic  m anipulation  in  the l a t t e r  h a l f  o f  g e s ta t io n  (A slin g , 
N elson, D ougherty, W right and Evans, i960 ).
They d e sc rib e d , in  d e t a i l ,  the f a u lt y  m andibular developm ent, the 
c l e f t  p a la te ,  and the l a b i a l ,  n a sa l and m a x i l lo fa c ia l  m alform ations th a t  
r e s u lte d  from PGA d e f ic ie n c y .  The tongue o f  a f fe c te d  fo e tu s e s  remained 
h ig h  in  the mouth u n t i l  the e ig h te e n th  day, and the l a t e r a l  p a la t in e  
p ro cesses m aintained t h e ir  p o s it io n  under the g lo s s a l  m argins. There­
a f t e r ,  a lthough the tongue descended, a p a la t a l  gap p e r s is te d .
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Pteroylglutamic acid, deficiency instituted on Day 0 post coitum 
resulted in one hundred percent of offspring with c le ft  palates, as well 
as other widespread congenital lesions. Unfortunately, these workers were 
unable to c la rify  s ta t is t ic a lly  the relationship between c le ft  palate and 
micrognathia although they did claim that the micrognathia induced by 
PGA deficiency was the causal factor leading to c le f t  palate.
Following the finding of malformed lambs in epidemic proportions in 
Idaho, i t  was discovered that maternal ingestion of Veratrum californicum  
produced a characteristic embryopathic syndrome in the developing foetus 
(Binns, Anderson and Sullivan, I9 60 ; Binns, James, Shupe and Everett, 
1963). The most strikin g lesion present was a Cyclopean malformation of 
the eyes but complete agenesis or severe hypoplasia of the pre-maxilla 
was an almost constant accompaniment. The maxillary bones articulated  
normally in the mid-line to form a normal secondary palate.
In 1965 i t  vías further reported that an extract from this plant 
was teratogenic in c a ttle  (Binns, James and Shupe, 1965)* A dramatic 
syndrome resulted from its  ingestion characterized by cyclopean median eye, 
absence of the pre-maxilla, hydrocephalus and occasionally c le ft  palate.
The liv in g  foetuses were also retained in utero for greatly prolonged 
periods. The active teratogen has not been isolated and identified, 
however, and attempts to reproduce the lesions in Rodentia have, to date, 
been unsuccessful.
In another comprehensive study on the morphogenesis of c le f t  palate, 
Poswillo (1961) undertook a comparative h istological study of c le f t  palate 
in rats using irradiation, amniotic sac puncture, and a hypervitaminosis
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A-cortisone mixture as the teratogenic manipulations. He used Glaxo- 
Wistar rats and adjusted the teratogenic interference to produce 
virtually one hundred percent of cleft palate offspring.
He concluded that the morphogenesis of the definitive lesion 
differed in each of the three experimental groups used. Irradiation 
produced cleft palate as a result of one manifestation of universal 
development arrest of the embryo. The mechanism of failure of fusion 
of the palate in the Vitamin A-cortisone treated series was a delay in 
the development of the internal palatal shelf force caused by associated 
tongue obstruction following mandibular growth lag. Amniotic sac puncture 
produced cranio-caudal compression of the embryo within the yolk sac 
membranes, leading to cleft palate and micrognathia. This meticulous 
study of comparative morphogenesis of the lesion was one of the most 
comprehensive to date.
In a subsequent communication, Poswillo noted that amniotic sac 
puncture produced an experimental phenocopy in rats of the human Pierre 
Robin Syndrome (Poswillo and Roy, 1965)* In an analysis of human cleft 
palate pedigrees it was shown that direct genetic transmission could 
account for only ten to twenty percent of cases and these authors stressed 
again the importance of the constant search for environmental teratogens.
In a preliminary communication Green and Christie (1961) observed 
that the pyrrolizidine alkaloid, heliotrine, was teratogenic in rats. A 
diffuse non-specific embryopathy resulted in which cleft palate was 
occasionally observed. The heliotrine was administered by intra-peritoneal 
injection as a single dose. Only one rat produced offspring with cleft
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palate, the most common lesions being dwarfism and vertebral and rib  
abnormalities.
This study is  particularly relevant to the present work described 
in this thesis as heliotrine, lik e  indospicine, is  acutely toxic to the 
liv e r  causing severe necrosis.
Kageyama (1961) showed that c le fts  of the secondary palate could 
be produced in mice by a single intra-peritoneal injection of 
ethylurethane in a dose of 1 .2  mg- per gran of body weight on the ninth 
day of gestation. Other defects which were produced included polydactyly, 
macrodactyly and syndactyly. Significant strain differences in response 
to this teratogen were demonstrated.
The importance of sp ecies-sp ecificity  and sp ecies-sen sitivity  to 
uranoschitogenic agents was demonstrated again in the following year when 
i t  was shown that strain differences in mice resulted in significant 
differences in su scep tib ility  to irradiation (Callas, 1962). He treated 
pregnant mice of both A/Jax and C57BL strains on Day 11 postconception 
with 300r and subsequently studied the developing palate. No change was 
observed until Day I4 or Day 15 when the palatine shelves were delayed 
in their rotation from the vertical to the horizontal position. The 
A/Jax mice were more susceptible to the uranoschitogenic effects of 
irradiation than were those of the C57BL strain.
These results were elaborated in a succeeding paper (Callas and 
Walker, I963) in which the specific e ffe ct of X-irradiation on the palates 
of both C57BL and i/Jax mice were studied. They subjected 11-3  Bay 
embryos to irradiation (300r maternal to tal body exposure) and subsequently
118
examined the palates cephalometrically and microscopically.
Movement of the palatine shelves from the sagittal to the horizontal 
plane was found to have been retarded by X-irradi at ion. Measurements of 
both skulls and palates did not show any consistent disproportionality 
of palatine growth in X-irradiated embryos except that resulting from 
retardation of shelf movement.
In 1962, Larsson, working at the University of Stockholm, presented 
the first of a valuable series of reports on the morphogenesis of 
experimentally-produced cleft palate (Larsson, 1962a). He tested 
experimentally the hypothesis that the teratogenic action of cortisone 
occurred through the agency of its protein catabolic effects.
Larsson used cortisone-induced clefts as the experimental model and 
administered methyl androstenediol and vitamins and B.^ in attempts to 
modify the incidence of the definitive lesion. Administration of the 
protein-anabolic steroid hormone, methyl androstenediol, itself resulted 
in cleft palate of the same type as that induced by cortisone; when 
given concurrently with cortisone it was embryolethal to all embryos.
Co-administration of vitamin Bg, while reducing the incidence of 
foetal resorption, did not influence the incidence of cortisone-induced 
clefts (Larsson, 1962d). Larsson concluded that the more fundamental 
teratogenic effect of cortisone was not one of protein catabolism but 
that all experimental results with this teratogen that had been observed 
to date could be more satisfactorily interpreted as further evidence of 
impaired sulpho-mucopolysaccharide metabolism.
These findings were confirmed in another report (Larsson, 1962b)
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using ^S-labelled sulphate to study the uranoschitogenic action of 
cortisone in mice. He examined cortisone-treated fourteen-day embryos 
and found significantly decreased synthesis of sulpho-mucopolysaccharide 
during palatine closure.
In a subsequent series of excellent experiments (Larsson, 1962c) he 
35used S-labelled sulphate to further interpret the effects of cortisone 
on the developing mouse palate. In this well-controlled series of 
experiments he found that deficient synthesis of mucopolysaccharides, 
due to maternal cortisone injection, occurred at the time of palatine 
closure; from this followed decreased turgor with diminished internal 
shelf force which in turn delayed the gradual wave-like movements of the 
shelves from the vertical to the horizontal plane.
Larsson considered that histochemical techniques for mucopolysaccharide 
demonstration were not as satisfactory as autoradiographic procedures in 
the study of impaired palatal closure. He noted that one possible cause 
of cleft palate pathogenesis was the retention of epithelial cysts which 
could cause mesodermal breakdown. Larsson made no reference, however, to 
an earlier report (Scott, 1955) which had found that cysts in this 
palatine region were of constant occurrence in human foetal palates from 
foetuses of 100 mm crown-rump length up to and including full-term infants.
In a subsequent study, Larsson and coworkers reported that sodium 
salicylate (10 mg /  0.1 ml of distilled water) injected intramuscularly 
into V'Jax pregnant mice caused both cleft palate and oblique fusion of 
the palatine processes. The twelfth day of gestation was the most 
sensitive for the development of such salicylate-induced lesions (Larsson,
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Ericson and Boström, 1964)* This was a very small study, and of sixteen  
embiyos obtained only two showed the d efin itiv e  palate lesion.
The c le f t  palates induced by maternal sodium sa licy la te  injection  
occurred as one facet of a widespread non-specific embryopathy which 
included abnormal vasculature. C left lip  was also observed. These 
authors f e lt  that the type of lesions produced supported their hypothesis 
that a specific and '•well-timed" inhibiting action on mucopolysaccharide 
synthesis in vessel walls and cartilaginous structures was probably the 
underlying pathogenic mechanism.
In an earlier paper these workers had observed vascular and other 
congenital defects in mice treated with sa licy la te  but had fa ile d  to 
report any teratogenic effect on the developing palate (Larsson, Boström 
and Ericson, 1963)*
Watanabe and Ingalls (1963) showed that P h illips albino mice made 
diabetic with alloxan during gestation gave birth to young with c le f t  
palate and other non-specific defects. These workers administered the 
alloxan as a single intravenous injection (IOO mg /  kilogram body weight) 
and observed that the percentage of c le f t  palates induced depended on the 
gestational period, at which injection occurred, ranging from twenty percent 
after alloxan injection on Day 9 post coitum to zero after injection on 
Day 14* The c le fts  which occurred involved the secondary palate only, but 
Watanabe and Ingalls faile d  to mention whether this defect occurred 
spontaneously in their strain of mice.
In 1963, uncertain rumours of possible uranoschitogenic e ffe cts  of 
cyclizine in humans were voiced (Tuchmann-Duplessis, 1963)» but la te r  in
121.
the year i t  was shown unequivocally that phenothiazine derivatives were 
patently uranoschitogenic in Rodentia.
King, in 1963> showed that meclozine hydrochloride, orally  
administered to rats in a dose of 50 mg daily from the twelfth to the 
fifte en th  days of gestation, produced c le f t  palate and other defects. 
Meclozine could be obtained commercially as "Bonine" and "Ancolan" and 
was used as an anti-emetic agent for morning sickness.
Multiple doses given to rats before the eleventh or after the 
thirteenth days of gestation produced no malformations. I f  the drug was 
administered at times when embryopathy could be induced, the resulting  
syndrome included glossopalatine fusion, brachygnathia, microstomia and 
micromelia. King also demonstrated that the percentage of affected  
offspring was dose dependent. No c le ft  palate was produced in control 
foetuses. When the drug was given from Day 9 to Day I4 of gestation, one 
hundred percent of offspring were deformed.
In the preceding year, Diggory and Tomkinson (1962) had undertaken 
a small prospective study in humans to investigate the possible 
uranoschitogenic effects  of meclozine hydrochloride. They failed  to 
demonstrate any s ta tis tic a l difference in congenital abnormalities (of 
any kind) between infants whose mothers had been placed in either placebo- 
or meclozine-recipient groups.
Kendrick and Weaver (1963) measured the amniotic flu id  volume of 
foetal rats whose mothers had been given a uranoschitogenic dose of 
meclozine hydrochloride. When 5°  mg Per ¿ay was given se ria lly  on the 
twelfth, thirteenth and fourteenth days almost one hundred percent of
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o f fs p r in g  d eveloped  c l e f t  p a la te .  A s i g n i f i c a n t l y  e le v a te d  volume o f  
am n iotic f l u i d  was p re se n t on the f i f t e e n t h  day o f  g e s ta t io n , but 
t h e r e a f t e r  a p ro g re s s iv e  d e c lin e  o ccu rred  to  a normal le v e l  on the 
e ig h te e n th  day* A s i g n i f i c a n t l y  d epressed  volume was p resen t on the 
n in e te e n th  day.
These workers showed th a t am niotic f l u i d  w eig h ts were d ir e c t ly  
p ro p o rtio n a l to  e stim a tes  o f  volume in  both  c o n tro l and m e c lo z in e -tre a te d  
groups. They co n sid ered  th a t  as the polyhydram nios e x is te d  in  m eclozin e- 
t r e a te d  fo e tu s e s  p r io r  to  the normal tim e o f  p a la te  c lo s u re  the c l e f t  
p a la te  i t s e l f  co u ld  not be the cause o f  the polyhydram nios. U n fo rtu n a te ly , 
no h i s t o l o g i c a l  stu d y was undertaken to  fu r th e r  e lu c id a te  th e  p a th o g en esis  
o f  the le s io n .
Because o f  th e  two f a c t s  (a ) th a t  m eclozine induced c l e f t  p a la te  
was a s s o c ia te d  w ith  polyhydram nios a t  the tim e o f  p a la te  fu s io n  in  r a ts  
(K endrick and Weaver, 1963) and (b) th a t  polyhydram nios was o fte n  
a s s o c ia te d  w ith  oesophageal le s io n s  in  humans, K endrick  and K ing (1964) 
examined m e c lo z in e -tre a te d  r a t  embryos w ith  c l e f t  p a la te  fo r  oesophageal 
le s io n s .  They f a i l e d  to  dem onstrate any such oesophageal le s io n s .  The 
m eclozine syndrome c o n s is te d  o f  p a la t in e  c l e f t s ,  g lo s s o p a la t in e  fu s io n , 
fu s io n  o f  the t ip  o f  the tongue to  the m andibular o ra l mucosa and 
m a lre la tio n  o f  m a x illa ry  in c is o r s .
F o llo w in g  the dem onstration th a t  m eclozine was u ra n o sch ito g en ic  in  
r a t s  (K ing, 1963), fu r th e r  groups o f  a n tih ista m in e s  were te s te d  f o r  th is  
p o te n t ia l  (K ing, Weaver and Naxrod, 1965). These w orkers compared two 
groups o f  a n tih is ta m in e s , th o se co n ta in in g  the ethylam ine groupin g p re se n t
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in a ring structure (cyclizine, meclozine, chlorcyclizine and nor- 
chlorcyclizine) with those in which the ethylamine grouping was present 
in a straight ohain (diphenylpyraline, chlorphenoxamine, promethazine etc)
None of the latter group behaved teratogenically whilst all members 
of the first group produced a widespread embryopathic syndrome. These 
workers found that nor-chlorcyclizine was the basic metabolite of these 
antihistamines and that its embryopathic syndrome in the rat included 
cleft palate, glossopalatine fusion, brachygnathia, microstomia and 
severe oedema.
These workers also demonstrated a fact of great fundamental 
importance. When chlorcyclizine was administered from Days 10 to 15 of 
gestation almost one hundred percent of offspring showed deformities, 
but if the same daily dose was administered from Days 1 to 15» less than 
one percent of offspring were deformed. This clearly emphasized the fact 
that chronic administration of a drug will not necessarily yield the same 
teratogenic results as acute administration, a possible explanation being 
that this drug stimulates its own metabolism upon chronic administration.
A further paper by this research team showed that nor-chlorcyclizine 
passed the placental barrier and was the only tertiary amine found in 
foetuses of meclozine-treated rodent mothers (Narrod, Wilk and King, I965)
This work on the teratogenicity of this group of drugs was advanced 
further when Steffek, King and Derr (1966) undertook a comparative study 
of different experimentally-induced cleft palates. These workers used 
chlorcyclizine, buclizine and hyroxyzine as representatives of the 
benzhydrylpiperazine series and compared the definitive lesions produced
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by them w ith  those produced by h y p e rv ita m in o sis  A.
A l l  members o f  the b e n zh yd ry lp ip e ra zin e  s e r ie s  o f  compounds produced 
a v e ry  s p e c i f i c  typ e o f  o r a l - f a c i a l  m alform ation in  which the p a la t in e  
p ro c e sse s  rem ained o r ie n ta te d  in  the v e r t i c a l  p o s it io n  and which were 
fu se d  to  the l a t e r a l  s u r fa c e s  o f  the tongue. The p a la t a l  d e fe c ts  produced 
by each member o f  the b e n zh yd ry lp ip e ra zin e  s e r ie s  were id e n t ic a l .  S t e f fe k  
and cow orkers co n sid ered  th a t  t h is  was due to  the f a c t  th a t a l l  were 
m etab o lized  to  a common dem ethylated compound, n o r - c h lo r c y c liz in e ,  and 
th ey  co n sid ered  th a t  n o r - c h lo r c y c liz in e  was the agent re sp o n s ib le  fo r  t h is  
s p e c i f i c  p a la t a l  d e fe c t  r e g a r d le s s  o f  which, p aren t te ra to g e n ic  agent was 
ad m in istered .
By c o n tr a s t  w ith  the type o f  c l e f t  induced by n o r - c h lo r c y c liz in e ,  
h y p e rv ita m in o sis  A r e s u lte d  in  a c l e f t  p a la te  w ith  h y p o p la s tic  d is to r te d  
p a la t in e  sh e lv e s  which n e v e r th e le s s  re ta in e d  e x c e s s iv e  bone and c a r t i la g e  
form ation . The g lo s s o p a la t in e  adhesions accompanying n o r - c h lo r c y c liz in e  
c l e f t s  were not a fe a tu r e  o f  the c l e f t  p a la te s  induced by h y p e rv ita m in o sis  A.
M o ria rty , W ein stein  and Gibson ( I963) used organ c u ltu re  o f  embryonic 
d evelo p in g  p a la t in e  p ro c e sse s  to  stu dy the f a c t o r s  o p e ra tiv e  in  the 
p ath o gen esis  o f  c l e f t  p a la t e .  They removed th e  p a la t in e  sh e lv e s  and the 
tongue from f i f t e e n - d a y  Sprague-Dawley r a t  embryos and c u ltu re d  th e se  on 
c lo t  composed o f  embryonic ch ic k  e x tr a c t  and c h ic k  plasm a under s t e r i l e  
c o n d itio n s . Subsequent morphology o f  fu s io n  was observed  m ic r o s c o p ic a lly .
The p a la t in e  sh e lv e s  fu sed  f i r s t  a t t h e ir  a n te r io r  ends.
Very s i g n i f i c a n t l y ,  removal o f  the tongue from the organ tra n s p la n ts  
r e s u lte d  in  s ig n i f ic a n t  m o d ific a tio n s  o f  both the mode o f  c lo su re  and o f
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the morphology of the fusing palate. In specimens with the tongue 
removed the oral surface of the palatine shelves was s lig h tly  convex 
rather than concave as in the normal palatal form. This was attributed  
to either a lack of modifying influences from the tongue or to 
"environmental changes".
Although i t  would be dangerous to extrapolate these in vitro  studies 
to in vivo processes governing uranoschitogenesis, nevertheless this  
report showed that the tongue's pressure could not be excluded as one 
possible uranoschitogenic factor.
Goldman and Yakovac (1964) pursued further the mechanism of 
sa licy la te  teratogenicity in rats. These workers studied the possible  
teratogenic roles of several of the known metabolic effects  of sa licy la te  
intoxication. One such e ffe c t, the uncoupling of oxidative phosphorylation, 
appeared unlikely as the fundamental teratogenic mechanism, since 2 , 4 ,-  
dinitrophenolate (an agent with a specific uncoupling action almost 
identical to that of sa licy la te ) did not produce congenital deformities. 
Goldman and Yakovac claimed that neither maternal adrenalectomy nor 
exogenous cortisone administration modified the incidence of sa lic y la te -  
induced anomalies.
As the development of both sa lic y la te - and cortisone-produced c le ft  
palates was well understood morphologically, further studies on the 
underlying biochemical changes were in itiated . The active research team 
from Stockholm continued to study the effects  of impaired mucopolysaccharide 
synthesis in the developing palate (Jacobson, Boström and Larsson, 1964)- 
They studied the e ffe ct of sodium sa licy la te  on hexosamine synthesis in
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mouse foetuses
This theme was prompted by the fact that malformations observed in 
mouse embryos from salicylate-treated mothers were confined to vascular 
and skeletal tissues, both of which were known to contain acid 
mucopolysaccharides. They found that the uranoschitogenic effects of 
both cortisone and salicylate were due to depression of the synthesis of 
a key intermediate metabolite in mucopolysaccharide biosynthesis. Both 
salicylates and cortisone depressed the enzyme L-glutamine-D-fructose- 
6-phosphate amino transferase which was necessary for hexosamine synthesis.
In 1965 Trasler reported that she had produced both cleft lip and 
cleft palate in mice by administering acetylsalicylic acid by gastric 
intubation. Trasler used 20-30 mg of aspirin powder suspended in 
distilled water to which a trace of '’Tween 80" had been added to reduce 
surface tension. The acetylsalicylic acid was given in two or three 
doses over a twenty-four hour period on Day 8 and Day 9> or on Day 9 
and Day 10.
Cleft lip was produced in nine percent of treated C57HL mice, but 
was not found in a control series. In the i/Jax strain in which fourteen 
percent of offspring had spontaneous cleft lip, maternal acetylsalicylate 
administration increased the incidence of affeoted foetuses to thirty-one 
percent. Other abnormalities which comprised the embryopathogenic 
syndrome included short snout, cleft palate, microcephaly, exencephaly, 
rib fusion, polydactyly and spina bifida.
Delayer (1964a) used vincristine sulphate in teratogenic studies in 
Holtzmann and Long-Evans albino rats and discovered that this agent could
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induce cleft palate and other defects. He employed a single intramuscular 
injection of 0.05 nig - 0.075 nig to induce congenital deformities. Doses 
exceeding 0.075 mg were almost completely embryolethal, whereas doses of 
0.025 mg had little or no teratogenicity.
In a similar report on the teratogenic syndrome induced in rats by 
vinblastine, De%er had not reported cleft palate as being part of the 
congenital embryopathy (De%er, 1964b).
No details of the method of timing the gestational period were given 
but the dose was stated to have been administered on Day &§■. The medium 
of injection was not reported and dose-response relationships were not 
clarified. A non-specific sequence of defects was produced including, in 
addition to the cleft palate, anophthalmia and microphthalmia- Strain 
differences between rats were found at each dosage level used. At the 
optimal teratogenic dose ninety percent of Long-Evans foetuses were 
abnormal and seventy-nine percent of albino Holtzmann foetuses.
Twenty percent of foetuses had cleft palate with associated 
"intermaxillary segment aplasie or severely hypoplastic", but as 
examination of these defects was by stereomicroscopy only, their specific 
features are uncertain.
Buresh and Urban (1964) injected cholesterol into ten pregnant 
Snell-Supplee albino rats from the eighth through to the fourteenth days 
of gestation. Copulation was timed as Day 0. They used daily injections 
of 15 mg of cholesterol and sacrificed the rats on Day 18. Of 44 foetuses 
examined 25 (i.e. 56 percent) had cleft palate. Some of these had 
partial epithelial bridges spanning the gap between the palatine shelves.
1 2 8 .
These workers did not specify whether other abnormalities were associated 
with the defect and whether cleft lip was a concomitant of the lesion.
Ingalls, Ingenito and Curley (1964) analysed the karyotype of mice 
with 6-amino-nicotinamide induced cleft palate. They found that all 
treated foetuses had greatly increased chromosomal fragmentation and 
polyploidy but that chromosomal aberrations between cleft and non-cleft 
treated embryos were not significantly different. When 6-amino-nicotinamide 
was administered once on Day 11*5 sixty-eight percent of foetuses 
manifested cleft palate.
Harris (1964) measured the amniotic fluid volume of cortisone 
treated mice and found that this volume was significantly reduced.
Harris correlated this finding /ith that of amniocentesis-induced cleft 
palate. He also measured the degree of flexion of the cranial base of 
several strains of mice and rats, and concluded that the degree of flexion 
was much greater in cortisone-susceptible strains of mice than in 
relatively resistant strains, and was least in rats. He interpreted this 
finding to indicate that the rat had much greater ’’flexion reserve" even 
when the amniotic fluid was relatively decreased because of cortisone, 
thus explaining the resistance of the rat to cortisone-induced cleft 
palate.
Walker (1965) measured amniotic fluid volumes in control, cortisone- 
treated, and X-irradiated foetuses at the normal time for palate closure.
In the V'Jax strain of mice which Walker used this ranged between 13 days 
13 hours and 16 days 14 hours post-conception. Both of these teratogenic 
procedures caused a significant reduction in volume of amniotic fluid.
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However, few embryos destined to have c le f t  palate had as much amniotic 
flu id  as most normal embryos, and a few normal embryos had as l i t t l e  
amniotic flu id  as most treated embryos. Therefore, Walker correctly  
concluded that the reduction in amniotic flu id  volume was not the e ffe ct  
primarily responsible for development of the c le ft  palates.
Coleman (1965) also produced c le f t  palate in mice using the fo lic  
acid antagonist, pyrimethamine; in a paper largely devoted to the 
embryology of palate closure in the rat, he did not report the percentage 
of c le ft  palate foetuses obtained or the system of gestational timing 
that he used.
Pyrimethamine administration resulted in attenuation of the lateral
palatine processes suggesting that the antimetabolite had suppressed
their growth at a c r itic a l stage of development.
Jacobs (1964) further studied the effects  of cortisone on the
synthesis of mucopolysaccharides in an endeavour to explain the
35morphogenesis of c o rtisone-induced c le ft  palate. He used S -labelled
inorganic sulphate as a precursor of sulphated mucopolysaccharides in
35the palatine shelves. Jacobs demonstrated that S incorporation into
the palatine shelves increased strikin gly ju st prior to and during the
fin al stages of palate closure, and i f  cortisone had been administered
35to the mother, this incorporation of S -labelled  sulphate was delayed.
He considered this probably to be a manifestation of a retarded 
turnover rate of mucopolysaccharide with resultant loss of optimal 
visco e la stic ity  of the palatine shelves.
Kochhar and Johnson (1965) further studied pathogenetic mechanisms
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of hypervitamin A-induced cleft palate. Using radioactive sulphate 
35they showed that S was fixed in palatal tissues more rapidly in 
hypervitaminosis A-treated embryos than in normal controls prior to the 
time of palate closure. No delay occurred, however, in movement of 
palatine shelves from the vertical to the horizontal position, but 
heterotopic chondrogenesis was detected in the palatine shelves as early 
as Day 15 in embryos destined to develop cleft palate.
Pinsky and DiGeorge (1965) tested the relative teratogenic potency 
of a series of glucocorticoid steroids using the induction of cleft 
palate in A/Jax mice as the test model. They showed that, mole for mole, 
dexamethasone was at least three hundred times more teratogenic than 
hydrocortisone, and that prednisolone was also more teratogenic than 
hydrocortisone. They showed that it was probable that the enhanced 
teratogenicity of dexamethasone did not result from its relatively 
decreased mineralocorticoid activity.
In 1966 it was shown that a single intraperitoneal injection of 
5 mg or 10 mg of cortisone produced 35«5 percent and 83*2 percent of 
cleft palate foetuses in i^ /Hej mice (Chaudhry, Schwartz and Schmutz, 1966). 
These workers noted that with these large doses the evidence of resorptions 
was twenty-three percent. Tests for possible uranoschitogenic effects 
of thalidomide in doses of 15 mg were negative in this strain of mouse.
In spite of the large numbers of chemical teratogens known to 
produce cleft palate it has been shown that thalidomide (one of the 
most potent of mammalian teratogens) although inducing a wide teratogenic 
syndrome does not cause cleft palate (McColl, Globus and Robinson, 1965)*
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In 1966, Massey demonstrated that diphenylhydantoin sodium was also 
a uranoschitic teratogen in susceptible strains of mice. She used ü/Jax 
mice in which the incidence of spontaneous c le ft  lip  and palate was 
eight to ten percent. Diphenylhydantoin raised this incidence to twenty 
percent and no other teratogenic effects  were observed. Gestational 
timing was dated from Day 0 when the copulation vaginal plug was observed. 
The diphenylhydantoin sodium was injected subcutaneously daily from the 
ninth to fifte en th  days of gestation at a dose of 50 mg per kilogram 
body weight.
Chaudhry and Siar (1967) undertook a small experimental study of 
factors which a ffe ct palate closure in mice. These workers used a 
method of in vitro organ culture and s e ria lly  examined severed palates 
for fusion. Control 13«5 day foetuses showed growth and fusion of their  
palatal shelves within 40 hours of in vitro culture, but foetuses whose 
mothers had received an uranoschitogenic dose of cortisone manifested 
retarded palatogenesis.
Control palatal tissues incubated in a cortisone solution failed  
to show any growth for 72 hours.
In 1967» Peam showed that indospicine, an amidine-containing alpha 
amino acid found in Indigofera spicata, was a potent uranoschitic teratogen 
in rats. The c le ft  palate was the sole congenital abnormality observed 
although somatic dwarfism and acute foetal hepatic necrosis were also 
present. The further elaboration of this uranoschitogenic e ffe ct of 
indospicine forms the remaining parts of this thesis.
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CHRONOLOGICAL SUMMARY
( EXPERIMENTAL CLEFT PALATE TERATOGENESIS)
1888 F i r s t  a tte m p t to  s tu d y  s c i e n t i f i c a l l y  some d eve lo p m en tal 
a b n o r m a lit ie s  o f  th e  p a l a t e .  Panum m a n ip u la ted  a m n io tie  
bands in  in c u b a t in g  fo w ls*  e g g s  in  t h i s  s tu d y .
I89O F i r s t  r e p o r t  o f  th e  e x p e rim e n ta l g e n e t ic  tra n s m is s io n  o f  c l e f t  
p a l a t e .  E f f e c t s  n o te d  in  th e  p ig .
I892 H e rtw ig  s tu d ie d  f a c t o r s  w hich  i n h ib i t e d  c lo s u r e  o f  em bryonic
c l e f t s  in  A m phibia. S u b s e q u e n tly , th e  th e o r y  o f  “ u t e r in e  t o x in s "  
was fo rm u la te d  to  e x p la in  th e  d evelopm ent o f  c l e f t  p a l a t e .
1914  F i r s t  r e p o r t s  th a t  p r e v e n tio n  o f  c l e f t  p a la t e  in  Mammalia c o u ld  
be a c h ie v e d  by m o d if ic a t io n s  in  m a te rn a l d i e t .  In c id e n c e  o f  
c l e f t  p a la t e  among ja g u a r  cu bs a t  B e r l in  Zoo re d u ce d  a f t e r  f r e s h  
b lo o d y  meat fe d  t o  p re g n a n t m o th ers.
1931 D is c o v e r y  o f  c l e f t  p a la t e  m utant in  m ice by Reed and S n e l l .
T hese w o rk ers  u n d erto o k  th e  f i r s t  c o n t r o l le d  exp erim en t to  s tu d y  
th e  g e n e t ic  f a c t o r s  w hich  in f lu e n c e  th e  developm ent o f  c l e f t  
p a l a t e .
1933 F i r s t  e x p e r im e n ta l s tu d y  o f  th e  e m b ry o lo g ic a l developm ent o f  
c l e f t  p a l a t e .
1935 F i r s t  e x p e r im e n ta l p ro d u c tio n  o f  c l e f t  p a la t e  in  Mammalia. H ale 
u sed  p ig s  as th e  t e s t  anim al and s u b je c te d  p re g n a n t sows to  a 
v ita m in  A - d e f i c i e n t  d i e t .
1936 Reed d em o n strated  m a th e m a tic a lly  th a t  e n v iro n m e n ta l, and n o t
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1940
1943
1947
1948
1950
genetic factors were operative in the expressivity of murine 
cleft palate in over eighty percent of cases.
Demonstration that the genetic transmission of cleft palate in 
Man and Rodentia showed striking similarity.
First experimental production of cleft palate by administration 
of a chemical agent; Steiniger demonstrated that anterior 
pituitary extract caused an increased incidence of cleft palate 
in genetically-susceptible mice.
Riboflavin deficiency shown to produce cleft palate and other 
defects in foetal rats. This was the first occasion on which 
cleft palate had been studied experimentally in this genus.
First specific study of experimentally-produced cleft palate in 
rats using maternal X-irradiation as the teratogenic agent.
Ancel produced agenesis of the palatine vault in chicks by egg 
injection with tryptaflavine.
First discovery of a chemical uranoschitic teratogen for rats. 
Gillman and coworkers in South Africa showed that trypan blue 
produced cleft palate as one facet (a relatively minor one) of 
a widespread embryopathic syndrome. (2 cases in several hundred) 
Haskin produced cleft palate and other defects in foetal rats 
by maternal injection of nitrogen mustard. The clefts were of 
the secondary palates and were unassociated with cleft lip. 
Baxter and Fraser of McGill University showed that cortisone was 
a potent cleft palate teratogen in mice. Other defects were 
also produced.
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M atern a l an o x ia  shown to  be u ra n o s c h ito g e n ic  in  m ice , b u t many
1951
1952
1953
1954
o th e r  c r a n i a l  and s k e le t a l  l e s io n s  were a ls o  p re s e n t .
F ra s e r  and F a in s ta t  confirm ed  and g r e a t ly  ex tended  th e  d isc o v e ry  
o f  c o r t is o n e - in d u c e d  c l e f t  p a l a te  i n  m ice.
P te ro y lg lu ta m ic  a c id  d e f ic ie n c y  shown to  be p o t e n t i a l l y  
t e r a to g e n ic  in  r a t s  w ith  c l e f t  p a l a te  as one f a c e t  o f  th e  
em bryopath ic  syndrome.
17“H yd ro x y co rtiso n e  shown to  a c t  on th e  m urine f o e ta l  p a l a te  
in  a manner id e n t i c a l  to  t h a t  o f c o r t i s o n e .
C le f t  p a l a te  produced in  human fo e tu s e s  fo llo w in g  a ttem p ted  
a b o r t io n  w ith  4"amino p te ro y lg lu ta m ic  a c id .
V itam in E d e f ic ie n c y  shown to  be a s s o c ia te d  in  r a t s  w ith  
w idesp read  c o n g e n ita l  embryopathy in c lu d in g  c l e f t  p a l a t e .  
M aterna l h y p e rv ita m in o s is  A shown to  be a p o te n t  cau se  o f 
c l e f t  p a l a te  and o th e r  c o n g e n ita l  a b n o rm a li t ie s  in  r a t s .
ACTH shown to  produce c l e f t  p a l a te  in  r a t s  in  s im i l a r  fa sh io n  
to  th e  c o r t is o n e - in d u c e d  c l e f t  p a la te  observed  in  m ice.
A ttem pts u n s u c c e s s fu l  to  in f lu e n c e  th e  in c id e n ce  o f  c o i 't is o n e -  
indu ced  c l e f t  p a la te  by con com itan t a d m in is t r a t io n  o f  o th e r  
d ru g s .
C o rtiso n e  shown to  be u ra n o sc h ito g e n ic  in  r a b b i t s  and ACTH 
shown to  be u ra n o sc h ito g e n ic  in  m ice.
I r r a d i a t i o n  as a  cause o f c l e f t  p a l a te  in  mice was shown to  have 
two s e p a ra te  and d i s t i n c t  " c r i t i c a l  p e r io d s "  d u r in g  w hich th e  
l e s io n  co u ld  be induced .
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B o ric  a c id  and p ilo c a r p in e  found to  a c t  t e r a t o g e n ic a l ly  on 
th e  c h ic k  p a la te .
1956 A za se rin e  shown to  produce c l e f t  p a la te  and o th er n o n - s p e c if ic  
d e fe c t s .
T r a s le r ,  W alker and F ra se r  dem onstrated th a t  am n iotic sac 
puncture on Day 13 o f  g e s ta t io n  was a te ra to g e n ic  m anipulation  
which would produce c l e f t  p a la te  s e l e c t i v e l y  w ith ou t o th er 
c o n g e n ita l d e fe c ts .
1957 D isco v ery  o f  the p o te n t ia t in g  e f f e c t s  o f  c o rtis o n e  on the 
u ra n o sc h ito g e n ic  p o te n t ia l  o f  m aternal h yp erv itam in o sis  A in  
r a t s .
1958 H igh-dosage n ic o t in e  found to  be te ra to g e n ic  in  mice prod ucing 
m u ltip le  c o n g e n ita l d e fe c ts  one o f  which was c l e f t  p a la te .  
H igh-dosage o estro n e and o e s tr a d io l benzoate shown to  a c t  
t e r a t o g e n ic a l ly  in  mice producing c l e f t  p a la te  and o th er d e fe c ts .
1959 Warkany and Takacs produced c l e f t  p a la te  and o th e r  a b n o rm a litie s  
in  r a t s  by m aternal a d m in istra tio n  o f  m ethyl s a l i c y l a t e .
1960 C a ffe in e  shown to  be a c l e f t  p a la te  te ra to g e n  in  m ice, but no 
s i t e  s p e c i f i c i t y  o f  a c tio n  s in c e  many o th er d e fe c ts  were a ls o  
produced.
1961  The p y r r o l iz id in e  a lk a lo id ,  h e l io t r in e ,  was shown by Green and 
C h r is t ie  to  be te ra to g e n ic  in  r a ts  prod ucing a w idespread 
embryopathy which in clu d ed  c l e f t  p a la te .
E th y lu reth an e a ls o  shown to  produce c l e f t  p a la te  and o th er 
a b n o rm a lit ie s .
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1962
1963
1964
1965
1966
1967
M ethyl a n d ro s te n e d io l  shown to  p roduce  c l e f t  p a l a te  and o th e r  
d e f e c ts  in  m ice.
M eclozine h y d ro c h lo r id e  shown to  be u ra n o s c h ito g e n ic  in  r a t s  
w ith  s i g n i f i c a n t  s i t e - s p e c i f i c i t y  o f  a c t io n  on th e  p a l a te .
O ther d e f e c ts  in c lu d ed  b ra c h y g n a th ia  and g lo s s o p a la t in e  fu s io n . 
I t  was su b seq u en tly  d em o n stra ted  t h a t  s i g n i f i c a n t  polyhydram nios 
e x is te d  a t  th e  tim e t h a t  th e  p a l a t i n e  sh e lv e s  sh o u ld  have fu se d . 
A llo x an -in d u ced  d ia b e t i c  mice shown to  g iv e  b i r t h  to  a  h ig h  
p e rc e n ta g e  o f  young w ith  c l e f t  p a l a t e .
D isco very  t h a t  sodium s a l i c y l a t e  caused  a w id esp read  em bryopathy 
in  m ice, one f a c e t  o f th e  em bryopath ic  syndrome in c lu d in g  c l e f t  
p a l a t e .
V in c r i s t in e  s u lp h a te  shown to  p roduce c l e f t  p a l a te  and o th e r  
d e f e c ts  in  r a t s .
P ro d u c tio n  o f  c l e f t  p a la te  and o th e r  d e f e c ts  in  f o e t a l  m ice by 
g a s t r i c  in tu b a t io n  w ith  a c e t y l s a l i c y l i c  a c id .
Massey d em o n stra ted  t h a t  d ip h en y lh y d an to in  sodium was a s i t e -  
s p e c i f i c  c l e f t  l i p  and c l e f t  p a l a te  te ra to g e n  in  s u s c e p t ib le  
s t r a i n s  o f  m ice.
D em onstra tio n  t h a t  in d o s p ic in e  i s  a  s i t e - s p e c i f i c  c l e f t  p a la te  
te r a to g e n  in  r a t s .
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m a t e r i a l s  a n d  m e t h o d s
CHAPTER 5.
D etails of Indospicine administration and 
Experimental Animals vised.
Indospicine.
The indospicine used in these studies was prepared from a Cingalese 
strain of Indigofera spicata seed (see Figure 2). The method used for 
extraction and concentration of indospicine was a modification of the 
adsorption-dialysis method described for the extraction of the depilatory 
amino-acid, mimosine (Hegarty and Court, 1964). In this extraction, 
milled Indigofera seed was made into a slurry with d is tille d  water in 
which the indospicine is  soluble. The crude solution of indospicine thus 
obtained was then passed through Zeo-Karb 226 (H+) resin on which the 
indospicine was adsorbed. After elution with 1N acetic acid i t  was 
fin a lly  concentrated using a rotary evaporator (Hegarty, 1966). This 
indospicine solution was supplied by Dr. M.P. Hegarty, CSIRO, Brisbane, 
Australia.
Analysis of the bulk extract obtained from such a procedure showed 
that one m illilitr e  of the fin al solution contained the indospioine 
equivalent of ten grams of Indigofera spicata seed. Quantitative analysis 
of the particular sample used in these experiments (Bulk Extract 130, 
CSIRO, Cunningham Laboratory, Brisbane, Australia) revealed the following 
substancest
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Indospicine 100 mg/ml
Canavanine 50 mg/ml
Calcium ions 7*3 mg/ml
Magnesium ions 14*1 mg/ml
The indospicine solution was kept in stoppered polythene containers 
throughout the experiments and was maintained between 0 - 4°C*
Control Solutions.
In view of the importance of the structural similarity between 
canavanine, indospicine and arginine (see Figure 3)» and of the 
implications of possible competitive inhibition that arise from a study 
of their molecular structures, it has been necessary to use control 
solutions of the following compositions
Canavanine 50 mg/ml
Calcium acetate 28 .8 mg/ml
Magnesium acetate 70«4 mg/ml
This control solution was freshly prepared on each day of use, and 
unlike the indospicine solution, was not kept under refrigeration in 
bulk solution.
Arginine Solutions.
In experiments to test for possible arginine-inhibiting effects of 
indospicine, L-arginine monohydrochloride (chromatographically homogeneous, 
British Drug Houses Ltd.) has been used. This was made into solution with 
distilled water and administered by stomach tube (400 mg/ml) and by 
subcutaneous injection (IOO mg/ml).
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Many different laboratory animals have been need to study the 
embryopathogenesis of cleft palate. Most workers however» have used 
either mice or rats, depending on the particular teratogen being tested. 
Both have a very low spontaneous incidence of cleft palate (Eraser, 1955)* 
In the study of cleft palate the experimental embryologist is particularly 
fortunate that both Man and the Rodentia have very similar comparative 
anatomical features (Steiniger, 1940; Coleman, 1965)» and that when the 
lesion is transmitted genetically the mode of this transmission is 
remarkably similar in both groups (Reed, 19^3)•
The rodent has proved to be an excellent working compromise in the 
present experimental study, and the justification of using rats and mice 
for this work is contained in the following two facts.
Firstly, the normal anatomy of the secondary palate of these two 
rodents contains the same osseous and muscular elements that are present 
in the human secondary palate, and the morphological relationships of the 
two groups (Rodent and Man) are very similar. Secondly, indospicine 
induced palatine clefts in the rat have the same features as isolated 
cleft palate occurring in Man.
Although a small experiment has been performed using mice as the 
test animals, rats have been used predominantly for severed reasons. 
Firstly, the definitive lesion of cleft palate in the rat foetus is 
relatively large when compared with that in the mouse, and subsequent 
anatomical examination and manipulation are greatly facilitated. Seoondly, 
the control of time-mating and the techniques of vaginal smearing and ear 
marking sire relatively simpler in the rat. Thirdly, much of the early
HO
experimental studies of Indigofera-induced hepatotoxicity were vmdertaken 
in the rat, and this has formed a useful background for the present 
investigation.
These advantages of using the rat as the test animal outweigh the 
favourable features of using mice, namely easier housing and a s lig h tly  
shorter gestational period.
Three different types of rat and one strain of mice have been used 
in these studies:
Rattus norvegicus 
Rattus norvegicus 
Rattus ra ttus 
Mus musculus
Sprague-Dawley strain  
Wistar strain  
London Black strain  
CBA strain
The rats used have been maintained as closed colonies and random-mated 
since 1961 (6 years). Although no claim for genetic homogeneity is  made, 
this practice has resulted in a working standard of phenotypic homogeneity. 
The black Rattus rattus and the albino Wistar strain of Rattus norvegicus 
were introduced from unspecified colonies from Europe. Their precedent 
pedigrees are unknown.
The CBA mice have been maintained as a closed colony in this  
University for two years, and although no claim of genetic homogeneity 
can be made they are phenotypically homogeneous, and skin grafts w ill  
"take" between randomly selected members of the colony.
The natural incidence of c le f t  palate in the three groups of rats 
used was very low, although probably of fin ite  proportions. In the 
Sprague-Dawley strain control foetuses, several cases of ta il  deformities
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and ear malformations were observed, and one case of unilateral renal 
agenesia. No cleft palate was present in over six hundred control 
foetuses of this strain, and it may be confidently predicted that the 
spontaneous occurrence of cleft palate in this colony is less than one 
per six hundred.
In the Hattus rat tus colony the incidence of spontaneous malformations 
is also finite, but no cases of cleft palate have been observed in over 
three hundred control embryos although face asymmetries and taillessness 
are known to occur in this colony (Pearn, 1 9 6 3 ; Vickers, 1966). This 
strain has proved to be particularly labile to the effects of environmental 
teratogens (Vickers, 1966) and for this reason is most suitable for 
studies in experimental embryology.
Similarly, the spontaneous incidence of cleft palate in the Wistar 
strain is probably of finite proportions although the precise figure 
is unknown. It is certainly less than one per three hundred foetuses.
The incidence of spontaneous cleft palate in the C£A mouse colony is not 
known exactly, but is very low.
Mating Policy for Hats
Virgin does only have been used throughout these investigations, the 
litter produced after indospicine administration (or control solution) 
being, in every instance, first issue from that particular doe. This 
restriction to the use of virgin does has been necessary to ensure complete 
standardization and also to enable interpretation of toxic effects on 
litter size to be undertaken. In this regard it has been shown that 
fecundity in Rat tus norvegicus increases with succeeding litters up to the
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fifth litter, before decreasing sharply (Tainsch, 1944)*
Does weighing between I5Q grams and 200 grams only have been vised, 
and in general the age when they have been mated has been between nine 
and eleven weeks. It has been necessary to define these limits with some 
accuracy, as it is well known that both increasing maternal age and 
weight influence significantly the production of cleft palate and 
associated abnormalities in the offspring (Steiniger, 1940)» This fact 
is well recorded by most investigators as being true both for Hodentia 
andi Man (Eraser, 1955} Kalter, 1956} Rank and Thomson, i960) although 
McEvitt (19 5 2), in a statistically unacceptable survey, found in humans 
that maternal age had no relation to the incidence of deft palate.
Six proven stud Sprague-Dawley bucks were used throughout the 
experiments in this species. These animals were selected after having 
been proved in the general breeding pool and after being checked for 
identical body habitus and the absence of extemally-detectable 
abnormalities. All six bucks were litter mates. None had a record of 
having produced any deformed offspring.
In similar fashion, three London Black bucks and three albino Wistar 
bucks were selected and used as the stud nucleus for their respective 
species. Three stud CBA mouse bucks were selected and used in the mouse 
exp eriments.
Controlled Time-Mating of Bats
In all critical teratologieal studies it is necessary to time 
conception accurately in order that teratogenic manipulations can be 
undertaken at selected and controlled stages of embryonic development,
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and in  o rder th a t  the r e s u l t s  o f d i f f e r e n t  s e r ie s  of in v e s tig a t io n s  can 
be compared.
In  th is  study  does were p laced  w ith  the  bucks a t  5*00 p«m. and l e f t  
in  th e  b u ck 's  cage overn igh t. Five v irg in  does were p laced  w ith  one stud  
buck; th i s  r a t i o  was ju s t i f i a b l e  as th e  n ig h tly  m ating average was never 
more th an  tw en ty -five  p e rce n t, and the incidence o f n o n - f e r t i le  m atings 
u s in g  th i s  regime was n e g lig ib le .
I t  has been shown th a t  optim al co n d itio n s  fo r  m ating a re  ob tained  i f  
the does a re  p laced  in  the b uck 's  cage (Kelway, 1947)* T e r r i to r i a l  
i n s t i n c t s  a re  such th a t  i f  the buck i s  p laced  in  th e  does' cage, he i s  
f re q u e n tly  a tta c k ed .
C r i t e r i a  o f Pregnancy.
At 8 .00 a.m. on th e  fo llow ing  morning a l l  does were examined fo r  
the p resen ce  o f a vag inal p lug  and were then su b jec ted  to  vaginal, sm earing 
u s in g  a  s t e r i l e  p latinum  loop (see  F igure 4)* The presence o f a  vag inal 
plug c o n s is t in g  o f mucus, spermatozoa and p r o s ta t ic  s e c re tio n , i s  
confirm ato ry  o f m ating, even in  th e  absence o f dem onstrable sperm atozoa 
in  a v ag in a l smear. The mice were examined w ith  a f in e  g la s s  rod  in  p lace  
o f th e  la r g e r  p latinum  loop.
The unsta ined  vag inal smear was examined h is to lo g ic a l ly  f o r  the  
p resence  o f sperm atozoa, and a sperm d e n sity  index range comprised*
+ i f  an occasional spermatozoon only was p re se n t; ++ i f  th e re  were no 
more than  two spermatozoa in  any s in g le  low-power f ie ld ;  +++ i f  between 
th re e  and ten  spermatozoa were p re sen t in  any s in g le  low-power f i e ld ;  and 
++++ i f  th e  spermatozoon d en sity  was g re a te r  than  ten  p e r f i e l d  (see
144
Figure 5)*
This system proved to have significant prognostic value only at the 
+ level, as no doe with a + vaginal spermatozoon density index became 
pregnant, and only two does with sn index of ++ were found to be 
subsequently infertile from that mating.
Difficulties experienced by other workers with the induction of 
either pseudo-pregnancy or a disturbed oestrous cycle attributed to the 
excessive vaginal stimulation by a wire loop (Vickers, I9665 Orr, I966) 
were not encountered.
Although spermatozoa were routinely examined unstained, occasionally 
it was necessary to study morphology in some detail, for example to 
examine the effect of indospicine on spermatozoa. For this purpose a 
combined crystal violet-rose bengal stain was used (O'Sullivan, I966).
This staining method is described in Appendix I.
Timing of Conception and Dating of Gestation.
Unlike some Rodentia (e.g. rabbit) in which ovulation occurs 
following copulation or sexual stimulation only, the rat ovulates during 
each oestrous cycle (Snell, Fekete, Hummel and Law, 1940). This cycle is 
generally regular and lasts for 4 ~ 5 days.
In the mouse, most copulations occur between 10.00 p.m. and 1.00 a.m. 
and ovulation in both mated and unmated females occurs most frequently 
between midnight and 3»00 a.m. (Snell et al.. 1940)» I*1 the rat the
exact times of ovulation and fertilization are still in some doubt, but 
are believed to be similar to those in the mouse. It is definitely known 
that ovulation occurs in the early hours of the morning if the rats are
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kept in the dark throughout the night (Hemmingsen and Krarup, 1937)* The 
time of copulation usually, but not invariably, precedes that of ovulation, 
the usual time lying between six and thirty hours prior to copulation 
(Nicholas, 1962).
In these studies, conception has been arbitrarily timed from 8.00 a.m. 
on the morning of the positive vaginal smear taken as Day 0, and gestation 
dated from this point.
Much confusion exists in the interpretation of many experimental 
teratogenic studies because there has existed no universally*accepted 
convention by which gestation may be timed. For example, most modern 
teratologists accept the morning of finding the vaginal plug (or positive 
vaginal smear) as Day 0 (Wilson, 1954b; Nelson et al.. 1955; Poswillo,
1961 ; Larsson, 1962a; ibid, 1962b; Buresh and Urban, 1964).
Some workers date conception as Day l/3 from this point, considering 
Day 0 to occur at fertilization at 2.00 a.m. (Kalter and Warkany, I961). 
Others have dated this time, that is 8.00 a.m. to 9*00 a.m. on the morning 
when a positive smear is observed, as Day 1/2 (Waddington and Carter, 1952)» 
Again, others have dated this time as Day 1 (Hamburgh, 1952; Cohlan, 1954; 
Warkany, 1954; Millen and Woollam, 1957; Warkany and Takaes, 1959)*
Some workers have not specified which gestational timing system they have 
adopted (Nishimura and Nakai, 1958; ibid, i960; Coleman, 1985)*
Maintenance of Bats.
The virgin does have been maintained in galvanized wire cages 
(21" X 10» X 11») at a maximum density of nine rats per cage. After 
mating they were weighed individually on an »Ohaus» triple beam rat balance
146.
and individually marked with an ear punch. Specifically, no aniline or 
azo-dye marking was used. This is an important point in all teratological 
studies as trypan blue and some other dyes are extremely potent teratogens 
(Gillman et al.. 1948; ibid, 1951, Wilson, 1954a).
The pregnant does were segregated with others mated on the same day, 
and kept at a maximum density of five per cage. The stud bucks were kept 
in individual cages throughout the experiment and were fed with the 
identical diet supplied to the experimental does with which they were 
mated.
The basic diet fed to all rats has been commercially-prepared 10 mm 
rat pellets (Barnes Milling Special Diet BM, Brisbane). The constituents 
and supplements of these pellets are detailed in Appendix 2. In all 
teratological investigations it is imperative to control fully the dietary 
intake of experimental animals. It can be seen from Appendix 2 that the 
vitamin A supplement is well below known teratogenic doses for experimental 
animals (Cohlan, 1953; Wilson, 1954a; Giroud and Martinet, 1956; Millen 
and Woollam, 1957; Woollam and Millen, 1957; Kalter and Warkany, 1959; 
Walker and Crain, I960; Poswillo, 196l).
Regular pumpkin and cabbage supplement was provided once each week. 
Fresh tap water daily has been supplied ad libitum. Control rats 
maintained on this total feeding regime do not produce young with cleft 
palates more frequently than 0*17 percent, and the real incidence of cleft 
palate is probably much lower than this figure.
The rats were kept under conditions of constant temperature and 
controlled illumination. Temperature has been maintained at 74°F + 2°F.
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Controlled illumination using 40 watt fluorescent bulbs has been 
continued as a twelve hour lighting - twelve hour darkness regime 
throughout the study* Air conditioning set at ten to fifteen changes per 
hour has been used. Humidity has varied from a minimum of 55 percent to 
100 percent after hosing and cleaning.
These rigid environmental controls have been necessary as it is 
known that the incidence of congenital abnormalities varies considerably 
with temperature and season (McKeown and Record, 1951$ MacMahon, Pugh 
and Ingalls, 1953$ Ingalls, Pugh and MacMahon, 1954$ Landauer, 1954$ 
Bumard, 1958$ Edwards, 1958$ Record and Edwards, 1958; Edwards, 196I).
Because of the known seasonal effects on the relative incidence of 
congenital abnormalities the two calendar years (during which these 
studies were conducted) were divided seasonally thus:
December, January, February .....  summer
March, April, May ...............  autumn
June, July, August..............  winter
September, October, November ....  spring
Wherever possible experiments were conducted only within the one 
season; using this method it was also possible to study the effects of 
season on indospicine~induced cleft palate.
Control does have been kept in cages adjacent to test does.
Initially, the pregnant does were kept in the one position in the holding 
bay in the rat room, but it has been noted that slight differences in 
temperature and air flow existed in different parts of the room (Tickers, 
1966). Such differences were unacceptable as far as rigid environmental
control was concerned* Accordingly, in  la te r  experiments the cages were 
rotated  d a ily  according to a random number code (H ill, I961).
The pregnant does were weighed in d iv id u a lly  every four days during 
the twenty-one day gestation  to determine (a) whether in fa c t  the ra t  
had become pregnant and (b) the e f fe c t  on maternal weight o f the sin g le  
indospicine dose.
Toxin Adm inistration.
On the day seleoted fo r  indospicine adm inistration the pregnant doe 
was weighed and the dose calcu lated . The appropriate dose was then drawn 
into a 1 cc a l l - g l ass tuberculin syringe to which was f i t t e d  a rubber 
catheter (Gauge 3 f) .
The indospicine was administered by in tr a -g a s tr ic  intubation. The 
pregnant ra t was l ig h t ly  anaesthetized with ether and placed supine on 
the bench. The jaws were held open with a perforated a c r y lic  mouth gag 
and the rubber stomach tube introduced in to  the mouth and s l id  past the 
e p ig lo t t is . The indospicine solution  was in jected  and the stomach-tube 
withdrawn.
In la te r  experiments o f dose-response studies i t  was necessary to 
in je c t  up to 2.5 cc o f indospicine so lu tion . Under these ciroumstances 
the in jeotion s were spaced th ir ty  minutes apart in order that 
regurgitation  from a distended stomach would not occur.
All intubations with subsequent indospicine adm inistration were 
performed between 8.00 a.m. and 9*00 a.m. on the morning se lected  fo r  
dosage. Controls were treated in the id e n tica l manner to th at described 
above except that the canavanine "control" solution  was in jected  rather
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than the indospicine solution. After injeotion, the stomach tube was 
withdrawn and the animal replaced in its cage.
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CHAPTER 6.
Techniques used in the Investigation of 
Indospicine Embryopathy.
Foetuses were examined at all stages of gestation but the dose- 
response and morphological studies were performed on twenty-one day 
foetuses.
At the time selected for examination the maternal doe was weighed 
and sacrificed by altanto-cervical dislocation. The abdomen was then 
opened by a longitudinal midline incision and both horns of the 
bicomuate uterus displayed (see Figure 6). The laterality and position 
of all foetuses and resorptions were charted, and each foetus and its 
corresponding placenta dissected individually from its covering 
gestational sac (see Figure 7)< Each foetus and placenta were plaoed in 
a marked position on a tray and were weighed separately on a Mettler 
balance. It was necessary to do this without delay or apparent weight 
loss due to desiccation occurred. From these weights the foeto-plaoental 
ratio of each individual foetus was calculated.
After weighing, each foetus was examined using a Zeiss stereomicro­
scope. Complete external morphology was checked and variations recorded 
(specifically noting head size, cranium, eyes, ears, dorsum, tail, 
genitalia, limbs with their attached digits, umbilicus, umbilical cord and 
placenta). Following this external examination various further studies
1 5 1 .
were performed in different aeries of experiments*
Complete autopsy using stereomicroscopy.
Modified Spalteholz Alizarin Red S technique for skeletal 
demonstration.
Dissection and mounting of individual palatine bones. 
Quantitative cephalometry.
Histological studies of foetus, placenta and umbilical cord, 
including serial sectioning, special staining and 
histochemistry.
X-Ray studies of foetal skulls.
Haematological studies.
Biochemical analyses of amniotic fluid, serum proteins and 
haemoglobin determinations.
Upon completion of the external examination described above foetuses 
were subjected to complete autopsy (see Figure 8). The anterior portion 
of the skull was severed from the remainder of the body by a single 
incision through the mouth which passed at an angle of approximately 120° 
to the long axis of the body. This incision was found to pass just 
caudal to the posterior opening of the naso-pharyngeal canal, thus 
preserving intact all tissue comprising both hard and soft parts of the 
palate (Figure 8-iii).
The anterior part of the tongue was then lifted free and the palate 
examined stereomicroscopically. The skull was then sectioned coronally 
by several cuts passing successively caudally. In this way one could
(i)
( Ü )
(iii)
(iv)
(v)
(vi)
(vii)
(viii)
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examine the structure of the naso-pharyngeal canal, the contents of the 
orbits, and the size and configuration of the ventricular cavities of the 
brain.
The dissected tongue was also examined in detail and a specific 
search for glosso-palatine adhesions or tags undertaken.
A midline longitudinal incision was then made through the anterior 
thoracic and abdominal walls and the thoracic and abdominal contents 
inspected in situ under the stereomicroscope. Specifically, the thymus 
was identified and tracheal and pulmonary structure checked, noting 
particularly the lobulation of the lungs; the heart was examined and 
the size and relations of the great vessels emerging from it were checked; 
the integrity of the diaphragm was noted; the shape, size and colour of 
the foetal liver and the configuration of the stomach were also noted.
Particular attention was paid to whether or not normal green-*stained 
meconium was present in the colon; the potency of the antis was also 
noted. The sex of eaoh foetus was also determined. The adrenals, kidneys, 
and ureters were examined and the pancreas and spleen identified.
Finally, a mid-sagittal section of the thorax and abdomen was made 
and the vertebral bodies and retro-mediastinal and retro-peritoneal 
tissues examined (Figure 8-v). This incision also facilitated examination 
of some of the abdominal viscera.
In several experiments the above procedure was performed on fresh 
specimens, but in some later studies the abdominal and thoracic contents 
were removed in toto (after in situ examination) and fixed in ten percent 
formol-saline for subsequent examination and histology.
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Skeletal Staining with Alizarin Red S.
Much of the c r itic a l evaluation of the morphological sequelae of 
indospicine administration has been performed on cleared and stained 
tissue. Following fixation in ten percent formol-saline for twenty-four 
hours the foetuses were macerated gradually with two percent potassium 
hydroxide solution stained with Alizarin Red S (british  Drug Houses, Ltd.) 
and cleared with ethyl aloohol. Final mounting for bone study and 
measurement was performed in a tricresyl-phosphate and tributyl-phosphate 
mixture adjusted to give a refractive index identical with that of the 
cleared non-osseous tissue of the foetus. The d etails of this staining  
and clearing method are given in Appendix 3.
This particular staining technique has produced more satisfactory  
results than the modified Spalteholz technique described by Crary (1962) 
in which a glycerol-alcohol mixture was used as the clearing agent.
From previous experience (Peam, 1963) i t  is  known that this method is  
also superior to the modified Dawson technique described by Edwards and 
Edwards (19  59)-
The stained and cleared specimens were preserved in the mounting 
flu id . Examination of the osseous palatine components was performed with 
the skulls submerged in the mounting flu id  using a Zeiss stereomicroscope 
and a magnification range of xl6 -  x100 . The palatine outlines were 
drawn to scale and abnormal relationships of deformed palatine bones were 
recorded in this way.
Study of Individual Palatine Bones.
To prepare isolated specimens of the various bones that comprise the
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foetal palate the severed skulls were placed in a ¿Lass beaker containing 
a two percent solution of potassium hydroxide. The soft tissues of the 
foetal head were subjected to continuous alkaline maceration for three 
weeks with several changes of the macerating fluid.
Following this treatment the articulations connecting the skull 
bones could be broken down by microdissection under fluid without damage 
to the bones themselves. This was performed using two dissecting Stilettes 
under stereomicroscopic observation. Particular care was necessary to 
prevent agitation of the suspending fluid and to prevent eddy currents 
which would sweep the minute bones against their fellows or the sides 
of the glass beaker. The steps of this technique are shown in Figure 9*
Alizarin Red S was then prepared as a 0.25 percent solution in two 
percent potassium hydroxide solution and one drop of this mixture added 
to each millilitre of the macerating fluid. This staining solution was 
changed daily for three successive days.
At the completion of maceration and Alizarin staining the spent 
staining fluid was replaced with distilled water by allowing the distilled 
water to drop into the beaker displacing the staining fluid one drop at 
a time which then flowed to discard. This exchange process took 
approximately six hours but was necessary to prevent mechanical damage of 
the minute and delicate rodent palatine bones.
After washing, the beaker was tilted and the distilled water forming 
the supernatant decanted and the bones allowed to dry on the walls of the 
glass beaker. They were then transferred by supporting them on two 
Stilette points and placed on a cleaned glass slide for subsequent
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examination
In these experiments "control" skulls were always processed 
concurrently in the same beaker with "cleft palate" skulls and comparisons 
drawn only between "control" and "cleft palate" palatine bones that had 
been processed together. This was necessary as the possibility of 
artefactual distortion in the thin and delicate bones that formed the 
rat palate was always present.
The bones were mounted for macrophotography by drawing 2 mm 
cylindrical glass tubing through a Bunsen flame and making an angled 
glass thread. This was fixed at one end to a baseplate with modelling 
clay and the bone to be photographed was affixed to the other end by 
using 40 percent isobutyl-methacrylate in xylene as an adhesive. This 
substance dried instantaneously and did not distort the bone to be 
examined, and was invisible when dry (see Figure 10).
These bones were then photographed on quarter-plate Plus X-Pan Kodak 
film using the Luminar lens system of a Zeiss Ultraphot II microsoope 
and a sixteen second exposure.
Radiological Study of Cleft Palate.
In order to perform accurate lateral cephalometry and to study the 
mandibular profile from skulls with cleft palate it was necessary to X-ray 
the foetal rat skulls. This was performed using a modified Stanford 
"Monitor" 4OO ma X-ray unit. After a pilot study consisting of a graded 
series of exposures the following standard faotors were used in these 
experimentst
Voltage 20 KV
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Current 115 ma
Exposure O .4 sec
Tube Height 40 inches
The rat skulls were pinned with brass pins onto thick cork and the 
coronal plane made parallel to the incident X-ray beam. In order to 
avoid parallax only the central four square inches of the incident beam 
were used, and four skulls only were X-rayed at each exposure.
Occlusal ultraspeed dental X-ray film (Kodak DF45) was used for the 
exposures. The results obtained by this method are shown in Figures 11 
and 12.
C ephalometry.
In order to quantitate the uranoschitogenic potential of indospieine, 
cephalometry of the foetal skull has been undertaken with particular
emphasis on the size and relationships of the seven bones which comprise 
the secondary palate. To do this it has been necessary to use cephalo­
metric techniques in two planes.
Because of the importance of the basi-cranial axis in studies of 
palatine morphology, lateral cephalometry to determine the relationships, 
in the sagittal plane, of the five bones which comprise this axis have 
been undertaken. To do this the individual lateral radiographs of each 
rat skull were labelled and cut from the Occlusal dental X-ray film. They 
were then mounted individually in Kodak 24 mm x 36 mm "Readymounts".
These mounted radiographs were then placed in the film holder of a 
Leitz "Focomat ICW enlarger and projected onto white bond paper. Tube 
length was maintained to give a constant linear enlargement of x6. The
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outline of the fo e ta l skull (including the mandible) was then traeed 
accurately with pencil onto the white paper and the outlines of the basi- 
occiput, basisphenoid, palatine, m axilla and premaxilla traced. In 
addition, the outline of the mouth was a lso  traced. A typical tracing 
obtained by th is method is  shown in Figure 13*
Next, the midpoints of each of the fiv e  bones which comprise the 
basi-cran ial ax is were plotted geometrically on the trace. As the basi- 
occiput was observed to be re la tiv e ly  unaffected by the teratogenic 
e ffec ts  of indospicine (when compared with the other bones of the b asi­
cranial ax is) i t s  midpoint, B, was selected as a reference point and the 
straigh t line join ing B to the mid-premaxillary point, I , was selected as 
the abscissa  of the reference system shown in Figure 13. Perpendiculars 
were drawn geometrically from the mid-basisphenoid, mid-palatine and 
mid-maxillary points to meet th is abscissa  BI.
Because of the re la tiv e  lengths involved in expressing the x and y 
coordinates of S, P, M and I (see Figure 12) the abscissae were measured 
in millimetres using a stee l rule and the ordinates were measured by 
using a Leitz measuring eyepiece with an in -bu ilt plane graticu le etched 
on the measuring face. Thus the re la tiv e  positions of the five  bones of 
the basi-cran ial axis could be expressed mathematically, and differences 
between control and indospicine-exposed sku lls expressed cephalometrically.
To prevent observer bias the mounted radiographs were indexed against 
a master code and were projected, traced and measured before reassembling 
into the various experimental groups (e .g . “te s t s "  and “controls") prior 
to s t a t i s t ic a l  an alysis.
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The cephalometry performed in the plane of the norma basalis was 
undertaken by examining the Alizarin Hed S cleared and stained foetal 
skulls in the mounting fluid with the aid of a Zeiss stereomicroscope
and a micrometer eyepiece graticule. The appearance of such a skull is 
shown in Figure 14 and the nine linear measurements Biade sre 
diagrammatically shown in Figure 15- The results of measurements from 
control and indospicine-exposed foetuses were then compsred statistically 
The cephalometric parameters measured in this plane were*
(i) Length of basi-occiput.
(ii) Length of basisphenoid.
(iii) Length of deft i.e. distance between anterior margin of 
anterior palatine foramen and the posterior end of the 
pterygoid process.
(iv) Inter-jugal distance.
(v) Inter-squamosal diameter.
(vi) Inter-bullous distance i.e. distance between the medial 
extremities of the tympanic bullae.
(vii) Inter-maxillary width i.e. in cleft palate skulls the 
distance between the medial aspects of the palatine plates 
of the maxillary bones.
(viii) Inter-palatine width i.e. in cleft palate skulls the 
distance between the medial aspects of the rudimentary 
palatine bones.
Inter-pterygoid diameter.(ix)
Histology.
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Routine f ix a t io n  was performed u sin g  ten percent fo rm o l-sa lin e  
although in some experiments where b e tte r  t i s s u e  pen etration  and 
d e c a lc if ic a t io n  were required  Bouin 's F lu id  was used.
Routine haematoxylin and eosin  s ta in in g  was b a s ic a l ly  employed 
although sp e c ia l  s t a in s  (P .A .S ., iron-haem atoxylin , M asson's tri-chrom e 
and c r y s ta l  v io le t - r o se  bengal) were used s e le c t iv e ly  in  some experim ents.
H is to lo g ic a l s tu d ie s  o f a l l  fo e ta l  t i s s u e s  and o f the p lacen ta  
and um bilical cord were undertaken u sin g  these  techniques. Se lected  
m aternal t i s s u e s  ( l iv e r ,  sp leen , ad ren a ls, k idneys, u te ru s , o v a r ie s , h e art, 
lungs and brain ) were a lso  examined h is t o lo g ic a l ly .
S e r ia l  se c tio n in g  o f "co n tro l"  and " c l e f t "  sk u lls  has been used to 
study the d e f in it iv e  morphology o f the fo e ta l  p a la te . A ll se c tio n s 
(in clu d in g  s e r i a l  se c t io n s)  were cut a t  ^^ u. To study the anatom ical 
pathogenesis o f  the c l e f t s ,  s e r i a l  se c tio n in g  o f "co n tro l"  and "in d o sp ic in e" 
fo e ta l  sk u lls  a t  d a ily  in te rv a ls  from Day 13 to  Day 21 o f g e sta tio n  has 
been undertaken. A ll s e r i a l  se c tio n s were sta in e d  with haematoxylin and 
eo sin . In the s e r i a l  se c tio n s of the s k u l l s ,  a l l  were made in  the 
coronal plane to  demonstrate the c ro ss- se c t io n  o f the ro ta t in g  and fu s in g  
p a la tin e  sh e lv e s. S e r ia l  se c tio n s o f the thorax and abdomen were performed 
in two p lan es, one s e r ie s  in  the plane p a r a l le l  to  the coronal plane o f 
the sk u ll ,  and another s e r ie s  a t  r ig h t  an gles to  the long a x is  o f  the 
body.
S e r ia l  se c tio n s o f  the um bilical cord were a lso  made commencing a t  
the p lacen ta l end and p a ss in g  proxim ately to  the an te r io r  abdominal w all.
The stru c tu re  o f the um bilical cord was stu d ied  in  con siderab le  d e t a i l  as
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several recent studies have shown an association between abnormalities 
of the umbilical cord and congenital abnormalities in the foetus 
(Benirschke and Brown, 1955» Faierman, 196O; Kalter and Warkany, 196I; 
Bunn, Fisher and Kohler, 1962; Russell and McKichan, 1962; Kajii,
Shinohara, Kikuchi, Böhmen and Akichika, 1963; Benirschke, Sullivan and 
Marin-Padilla, 1964* Benirschke, 1967)*
In the present study the pattern of unilateral umbilical artery 
obliteration in the latter stages of gestation has been studied by serial 
sections of the abdomen and pelvis.
Histochemical studies of the arginine components of the palatine 
shelves have been performed using the method described by Serra (1946) 
which is specific for compounds containing guanidine derivatives.
Blood smears were fixed in cold methanol for five minutes and were 
stained with Giemsa and van Gieson in routine fashion and examined under 
oil immersion.
Volumetric Study of Amniotic Fluid.
Because of the association between the experiments! production of 
cleft palate and changes in amniotic fluid volume (Trasler et al.. 1956; 
Kendrick and Weaver, 1963; Harris, 1964; Walker, 1965) it has been 
necessary to compare the amniotic volumes of indospicine-exposed foetuses 
with those from controls. The method used was essentially that of 
Kendrick and Weaver (1963) whioh involved hysterotomy and the removal in 
toto of the intact gestational sac; after drying on filter paper the 
intact sac was weighed and the amniotic fluid removed by aspiration using 
a needle and syringe; the sac was then opened and the embryo, membranes
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and placenta blotted dry on filter paper; the embryo and its attached 
placenta and membranes were then weighed again and the weight of amniotic 
fluid calculated.
Specific gravity was determined by weighing exactly five millilitres 
of amniotic fluid delivered from a calibrated pipette. The volume was 
thus calculated from these two readings of weight and specific gravity.
The amniotic fluid was then subjected to spectrophotometrie analysis. 
Volumetric studies of amniotic fluid were performed at daily intervals 
from Day 14 to Day 21 of gestation.
Amniotic Spectrophotometry.
A Gary 14 continuous recording spectrophotometer was used for 
analyses of amniotic fluid from both control and indospicine-treated 
rats. Scanning wavelength range was 380 npu - 660 mja using a 1 cm path 
length, a wavelength changing speed of 200 /  second and a chart speed
of 2 inches/minute. Using this technique both qualitative and quantitative 
analyses of amniotic fluid were undertaken. Maximum bilirubin absorption 
occurred at 462 mu ("bilirubin peak"), maximum oxyhaemoglobin absorption 
at 576 nju and methaemalbumin at 623 njn* A correcting factor for rat 
amniotic fluid turbidity was calculated from the absorbance at 'JOO mu 
and appropriate corrections applied. Prior to spectrophotometric analysis 
the rat amniotic fluid was ultracentrifuged for forty-five minutes and 
the supernatant only pipetted into the spectrophotometer cuvette.
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R E S U L T S
CHAPTER 7 .
Experiments to Investigate the Teratogenic 
Potential of Indospicine.
A series of initial pilot experiments were conducted by the author 
using different dosage ranges of indospicine and different times of 
administration of the toxin. These initial studies established that 
indospicine caused both cleft palate and somatic dwarfism in Rattus 
norvegious foetuses (Sprague-Dawley strain). A formal experiment was 
thus conducted to test unequivocally the uranoschitogenic potential of 
the toxin.
Virgin Sprague-Dawley females were randomly selected from the 
holding colony and time-mated with stud bucks as described in Chapter 5* 
Thirty-four does were used in this experiment, and after confirmation of 
pregnancy by vaginal smearing on the morning designated as Day 0, the 
rats were alternately ascribed to "control" or "test" groups. A single 
intra-gastric dose of O . 5  mg/gram was administered at 9*00 a.m. on Day 13 
of gestation. The foetuses were examined after post-mortem Caesarean 
hysterotomy at 9*00 a.m. on Day 21. This experiment was conducted 
throughout March, April and May (Australian autumn) and did not overlap 
into other seasons.
Table I shows the results of this experiment.
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GROUP No. of Litters
No. of 
Foetuses
No. of 
Cleft 
Palates
I»
Cleft
Palates
Mean
Litter
Size
TEST 17 1 6 5 26 1 5 . 8 9.7
CONTROL 17 195 0 0 1 1 . 5
TABLE I Results of experiment to investigate the teratogenic
potential of indospicine. Indoapicine administered 
on Day 13 of gestation at a dose of O . 5  mg/gram.
To establish the association of indospicine administration and the 
subsequent development of cleft palates among the exposed foetuses the 
data from Table I has been presented in the following contingency table 
(Yates' correction for continuity applied).
GROUP
Foetuses with 
Cleft Palate
Foetuses with 
Normal Palates TOTAL
Observed Expected Observed Expected
TEST 25.5 1 1 . 9 139-5 1 5 3 . 1 1 6 5
CONTROL 0 . 5 1 4 . 1 1 9 4 . 5 1 8 0 . 9 195
TOTAL 26 334 36O
TABLE II Contingency Table from data contained in Table I.
Prom Table II,
n~X. “ 3 0 . 7 8 6  (1 degree of freedom) andc
P <  0.001.
(Hereafter in this thesis contingency tables from which chi-square 
is calculated will not be presented in detail).
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It can thus be seen that the indoapicine solution is a cleft 
palate teratogen causing this lesion in 15*8$  of foetuses exposed to it 
in doses of O .5 mg/gram maternal body weight. Chi-square test of the 
above data is statistically valid as the expected frequencies exceed ten 
in both test and control groups.
Because of the apparent reduction in litter size following 
indoapicine dosage (See Table I) it was necessary to test this 
association statistically. The following table shows litter sizes of 
control rats and test rats exposed to indoapicine:
Litter
Size
No. of 
Control 
Litters
No. of 
Test 
Litters
TOTALS
3 0 1 1
6 1 0 1
7 0 2 2
8 0 3 3
9 1 1 2
10 2 2 4
11 3 2 5
12 6 5 11
13 2 1 3
14 1 0 1
15 1 0 1
TOTALS 17 17 34
TABT.fi III Table showing litter sizes from control
and indospicine-exposed rats. Dosage 
of O .5 mg/gram on Day 13 of gestation.
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From this data
|t| “  2 .19 5  (32 degrees of freedom) and
0.05 >  P >  0 .0 1.
Therefore the reduction in l i t t e r  size is  significant at the 5$  level 
only and accordingly the embryolethal effect of indospicine at this proven 
teratogenic dose cannot be unequivocally accepted.
On inspection of the l i t t e r  sizes from indospicine exposed rats 
which gave birth to offspring with c le ft  palate, i t  appeared that c le ft  
palates tended to occur in l it t e r s  of smaller size; as a corollary, 
larger lit te r s  tended to have fewer c le ft  palates among their members 
than did smaller l it t e r s .
To test this concept s ta t is t ic a lly  i t  was necessary to establish  
whether or not there existed a steady trend in uranosohitogenic 
susceptibility an l i t t e r  size increased. A simple chi-square was not 
appropriate for this analysis as the expected frequencies at some l i t t e r  
sizes were very small and l i t t e r  sizes observed did not form easily  
grouped classes. A rank ("trend") test was thus employed. The association 
between l i t t e r  size and the occurrence of c le ft  palate is  shown in 
Table IV.
From the data in this Table S 2810,
and X 2 - 4 1.8 5  (1 degree of freedom),
and p < 0.001.
Therefore, one must accept that the size of a particular l i t t e r  and 
the percentage of c le ft  palates in members of that l i t t e r  are sign ifican tly  
associated. This effect can be most easily  seen in histogram form -  see
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Figure 16
GROUP
LITTER SIZE
TOTAL
3 7 8 9 10 11 12 13
Cleft Palate 0 10 11 0 4 1 0 0 26
Normal Palate 3 4 13 9 16 21 60 13 139
TOTAL 3 14 24 9 20 22 60 13 165
TABLE IV Table showing the relationship between
the occurrence of cleft palate and the 
effect of litter size in foetuses 
exposed to 0.5 mg/gram indospicine on 
Ley 13 of gestation.
Summary.
Indospicine is an uranoschitogenic teratogen in doses of O .5 mg/gram 
of maternal body weight when administered on Day 13 of gestation. At 
this dose it does not manifest significant embryolethality. Litter size 
and foetal sensitivity to the uranoschitogenic effects of indospicine are 
inversely related at this dosage level.
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CHAPTER 8.
Dose - Response Studies of the Teratogenic and 
Embryolethal Effects of Indospicine.
Following the demonstration that indospicine was an uranoschitic 
teratogen it was necessary to investigate the dose-response effects of 
the toxin with respect to both its uranoschitogenic and embryolethal 
properties. To do this virgin Sprague-Dawley does were time-mated and 
segregated in the manner described in Chapter 5* A single intra-gastrie 
dose of indospicine was administered in the usual manner at 9»00 a.m. on 
the morning of Day 13 of gestation.
As a single dose of 0.5 mg/gram was known to be uranoschitogenic 
(when given on Day 13) it was decided to use a series of five doses with 
this dose level (0.5 mg/gram) as the mid-point. Dose levels were obtained 
by whole - or sub - multiples of two from the raid-point of O .5 mg/gram, 
giving a dose range of 0.125 - 2.00 mg/gram.
The results of this experiment are shown in Table V.
The results shown in Table V are expressed graphically in Figure 17* 
It can be seen that the data forms a typical sigmoid (integrated normal) 
curve. In order to calcixlate dose ranges a probit transformation has 
been undertaken, the data for which is shown in Table VI.
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DOSE
(mg/ gram)
No. of 
Litters
No. of 
Foetuses
No. of 
Cleft 
Palates
i»Cleft
Palates
O.I25 10 110 0 0
O.25O 9 94 0 0
O.5O 22 211 31 14.7
1.00 26 260 150 57-7
2.00 4 40 32 80.0
CONTROLS 24 258 0 0
TABLE V Results of experiments to study dose-response
effects of indospicine with respect to the 
production of cleft palate. Single intra- 
gastric administration of indospicine on 
Bay 13 of gestation.
Dose
( z )
X N p Empirical Probits
Probit
/ r0 !8rProv
Line
y
Weigh
Coeffic­
ient
Weight
(W) Wy
O .125 1 110 0 - 2 .2 0 1 .8 8 • O —X O VJ1 1 1 .8 8
O.25O 2 94 0 - 3 . 1 5 2.7O .0 7 5 6 7 1 8 .9 0
O.5O 3 211 .1 4 7 3 .9 5 4 .I O 3 .9 6 .4251 90 356 .4O
1 .0 0 4 260 .5 7 7 5-19 5.O4 5-19 .6281 163 8 4 5 -9 7
2 .0 0 5 40 .800 5-25 6.00 5-83 • 4933 20 I I 6 .6 O
TABLE VI Data obtained from Table V showing method of
X** 1probit transformation, where z ■ 0.125 x 2
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The relationship between log (dose) and the corresponding probits 
(using weighted least squares) is shown by the "line of the best fit" in 
Figure 18, which is expressed by the equation
y “ O . 7 2 + 1.10 X .
It will be noted that the dose is expressed as a function of the 
original mg/gram units (z). On reconverting these log function units 
to units of dosage expressed in mg/gram, the equation to this line of 
best fit is
y * a + b log (z) ,
where a * 5 . 1 1  + 0 .5 0
and b ■* 3 .6 4  + 0 .30
A test for departures from linearity for points on this line 
showed that
X ^  - 6 . 1 7  and
P >  0.10
Therefore this line may be regarded as an adequate fit for the data
(i.e. the distribution of the tolerance is normal).
Estimation of UD^.
_____________________________2x.
In this study the dose of indospieine necessary to produce cleft 
palate in fifty percent of exposed foetuses has been called the
Uranoschitogenic Dose^^ ,
abbreviated to UD^q .
Using the equation to the line of best fit relating the log function 
of dose to the corresponding probits,
when y “ 5 > mx " 3*906 ,
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where is the uranoschitogenic dose effective in fifty percent of
X** 1exposed foetuses (expressed as the log (dose) function z a 0.125 x  2 ).
95^ Fiducial limits for mx « 3*906 + 0.1137
- 3.79 , 4-02 .
On converting to dosage units expressed in mg/gram
U D ^  * 0.93 mg/gram , andyj
959/° Fiducial limits are 0.86 mg/gram - 1.01 mg/gram.
Uranoschitogenic Effects of Indospioine Dosage at Different
Gestational Periods.
Following the experiments to establish dose-response relationships 
it was necessary to determine the time period during which the developing 
foetal palate was sensitive to the teratogenic effects of the toxin. To 
do this virgin Sprague-Dawley does were time-mated and the indospioine 
administered as a single intra-gastric dose at 9*00 a.m. on the day chosen. 
Nine different days of gestation after embryonic implantation (Day 7^ “ 8) 
were chosen for this experiment. A constant dose level of 1.00 mg/gram 
was used throughout this experiment as it was considered that a yield of 
57.7/0 of foetuses with cleft palate (see Table V) offered a sensitive 
enough end-point as a criterion for teratogenicity at different 
developmental stages. Table VII shows the results from this experiment. 
This experiment was undertaken concurrently with those to determine 
dose-response effects.
By inspection of the results shown in Table VII it can be seen 
that indospioine is not uranoschitogenic at any period of gestation other 
than that encompassed by Day 12 and Day 13*
H I .
Day o f  
In d o sp ic in e  
Dosage
No. o f 
L i t t e r s
No. o f 
F o e tu ses
No. o f  
C le f t  
P a la te s
*C le f t
P a la te s
DAY 8 10 19 * 0 0
10 10 90 0 0
11 4 45 0 0
12 10 101 2 2 .0
13 10 100 58 58.0
14 10 85 0 0
16 10 100 0 0
18 4 40 0 0
19 3 32 0 0
CONTROLS 24 258 0 0
TOTALS 95 870 60 -
* Very h ig h  e m b ry o le th a li ty  on Day 8
TABLE V II R e s u lts  o f  ex p erim en ts  to  d e te rm in e  "sen ­
s i t i v e  p e r io d "  o f  f o e ta l  p a la te  to  th e  
u ra n o sc h ito g e n ic  e f f e c t s  o f  in d o s p ic in e .
C o n stan t dose o f  1 .0  mg/gram.
To a s s e s s  th e  s ig n i f ic a n c e  o f  th e  two c l e f t  p a la te s  p roduced  a f t e r  
a  s in g le  in d o s p ic in e  dose a d m in is te re d  on Day 12 i t  was n e c e s sa ry  to  
u n d e rtak e  a  F i s h e r 's  "E xact P r o b a b i l i ty  T e s t" ;  a  s im p le  c h i- s q u a re  was 
in a p p r o p r ia te  becau se  o f  th e  low in c id e n c e  o f  c l e f t  p a l a te  p roduced  by 
dosage a t  t h i s  developm ental s ta g e .  The r e s u l t  o f  th e  P r o b a b i l i ty  T est 
i s  0 .0 8  w hich i s  n o t s i g n i f i c a n t .  'T herefore one canno t c la im  t h a t  th e  
o ccu rren ce  o f  c l e f t  p a l a te  a f t e r  in d o sp ic in e  dosage on Day 12 i s  
u n e q u iv o c a lly  c a u sa l in  r e l a t i o n s h ip  from th e se  s e r i e s  o f  ex p erim en ts  
a lo n e . C e r ta in ly  in  com parison w ith  th e  peak in c id e n c e  o f  th e  l e s io n
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when dosage occurs on Day 13 this effect is very small (see Figure 19)* 
However, when the finding of these cleft palates (after dosage on Day 12) 
is compared with the complete absence of cleft palate in over one 
thousand control Sprague-Dawley foetuses studied over the two years 
during which these studies were conducted, their occurrence appears 
more significant.
Indospioine Embryolethality.
During the experiments designed to investigate the teratogenicity 
of indospioine it became obvious that at higher doses of indospicine 
(i.e. those in excess of 0*5 mg/gram) the resorption rate was much 
greater than the 2.3$ observed in the control series. To investigate 
this phenomenon fully all resorptions were charted and the effects of 
different times of indospicine calculated. This experiment was conducted 
concurrently with the teratogenic study and a constant dosage of 1.0 mg/ 
gram used.
The results are shown in Table VIII.
A total of ten litters were exposed to this dose of indospicine on 
Day 8 of gestation. As the overall incidence of non-fertile matings in 
the control series was less than 57° this finding of an incidence of 50$ 
apparent infertile matings indicates that the toxin causes early foetal 
death with subsequent complete resorption leaving no trace of the 
products of conception by Day 21 of gestation. Of those five pregnancies 
in which one or more foetuses survived, the high resorption rate of 62.0$ 
supports this evidence of unusual foetal susceptibility to the toxin 
immediately following uterine implantation.
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Day of 
Dosage
No. of 
Litters
No. of 
Foetuses
No. of 
Resorp­
tions
Total
Implanta­
tions
1o
Resorp­
tions
8* 5 19 31 50 62.O
10 10 90 11 101 IO.9
11 4 45 3 48 6.3
12 10 101 4 105 3.8
13 26 260 32 292 11 .0
14 10 85 9 94 9.6
16 10 100 5 105 4.8
18 4 40 2 42 4.8
19 3 32 4 36 11.1
CONTROLS 20 215 5 220 2.3
* High embryolethal effect on Day 8
TABLE VIII Data from experiments to study embryolethal
effects of indospicine. Sprague-Dawley 
strain used; constant indospicine dosage 
of 1.00 mg/gram.
A chi-squaxe test of the resorption potential of indospicine on 
Day 8 when compared with all following times of administration showed 
that the embryos are particularly susceptible in this post-implantation 
period. ( ■ 131.835; P C  0.001).
To test whether the foetuses were particularly vulnerable at any 
period after Day 10 of gestation the data from Table VIII was grouped 
into five forty-eight hour consecutive periods starting at 9«00 a.m. on 
Day 10. A chi-square analysis of this data to test the Null Hypothesis 
("that following Day 10 the foetuses are equally susceptible to the 
embryolethal effects of indospicine irrespective of the gestation stage
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and P >  0.10.
of toxin dosage") showed
X (4) ■ 2-658
Therefore one cannot reject the Null Hypothesis and it must he 
concluded that the foetuses are equally susceptible to the embryolethal 
effects of indospicine after Day 10 of gestation.
Dose-Response Studies at Day 8 .
Following the demonstration that the embryo was unusually sensitive 
to the embryolethal effeots of indospicine in the immediate post­
implantation period it became necessary to define this effect further in 
terms of dose-response studies.
In this experiment sixty virgin Sprague-Dawley does were time-mated 
in the usual manner and fifteen randomly ascribed to the "control" group 
and forty-five to the "test" group. Indospicine dosage was varied from 
a lower level of 0.125 mg/gram to an upper limit of 1.00 mg/gram. 
Appropriate canavanine controls were used in the control series. All 
solutions were administered as a single intra-gastric dose at 9»00 a.m. 
on Day 8. The products of gestation were examined at Day 21.
The results of this experiment are shown in Table IX.
It can be seen from the number of litters in Table IX that many 
positive matings apparently resulted in no products of gestation. Even 
in the control series of fifteen does only thirteen appeared to have 
become pregnant. This can be explained by assuming that the embryos are 
sensitive to any environmental manipulation in the immediate post­
implantation period and that even light ether anaesthesia causes some 
loss of whole litters whose presence is completely obliterated at term
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(21 days)* It can also be seen that of the forty-five litters exposed 
to the graded series of indospicine doses only twenty-four (53^) showed 
evidence of pregnancy. It will be recalled from page 174 that the 
percentage of resorptions in the control series (with control 
solution administration on Day 13) was 2.yjo.
Dose of 
Indospicine 
(mg/gram)
No. of 
Litters
No. of 
Foetuses
No. of 
Resorp­
tions
Total
Implanta­
tions
1°
Resorp­
tions
O.I25 3 26 5 31 16.1
O.25O 10 67 33 100 33.0
O.5O 6 19 40 59 67.8
1.00 5 19 31 50 62.0
CONTROLS 13 120 4 124 3.2
TABT.f. IX Data from experiments to investigate dose- 
response effects of indospicine on Day 8 of 
gestation. Sprague-Dawley strain.
The data from Table IX is expressed graphically in Figure 20. It 
can be seen that the fall in the resorption rate that apparently occurs 
after dosage in excess of 0.50 mg/gram does not allow one to incorporate 
all four dose-response points on a typical sigmoid curve.
This impression was verified statistically by applying the probit 
transformation (using weighted least squares). The line of best fit for 
these four points had the equation
y = 3*69 + O .47 X , (log dose units)
but a test of heterogeneity of departure from this fitted line revealed
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X ( 2 ) " 7*54 and P >  0 .0 2 .
Thus th e  d i s t r i b u t i o n  o f  to le r a n c e s  cou ld  n o t be assumed to  be norm al; 
t h a t  i s ,  th e  a tte m p t to  f i t  a p r o b i t  l i n e  to  th e  d a ta  was u n su c c e s s fu l  
due to  th e  drop in  em b ry o le th a l s u s c e p t i b i l i t y  a t  an in d o s p ic in e  dosage 
o f 1.00 mg/gram.
One h as th u s  been u n ab le  to  c a lc u la te  an LDK a t  Day 8 from  th eyj
observed  d a ta  as th e  c o n fid en c e  i n t e r v a l  f o r  t h i s  dose would be so la r g e  
as to  be m ean in g le ss .
This r e s u l t  can be e a s i l y  e x p la in e d . W ith in c re a s in g  d oses o f  
in d o sp ic in e  above O .5O mg/gram an in c re a s in g  number o f  e ig h t-d a y  o ld  
embryos a re  k i l l e d  v e ry  e a r ly  in  r jo s t- im p la n ta t io n  g e s ta t io n  and a re  
su b seq u en tly  co m p le te ly  re so rb e d  le a v in g  no t r a c e  o f  t h e i r  p re sen ce  by 
Day 21. The d a ta  su g g e s ts  t h a t  i f  an embryo s u rv iv e s  t h i s  se v e re  i n s u l t  
a t  h ig h  in d o sp ic in e  dosage he h as  a g r e a te r  chance o f  r e t a in in g  
v i a b i l i t y  to  term . Thus even a lth o u g h  th e  a b s o lu te  number o f  embryos 
k i l l e d  by h ig h  dosage in d o s p ic in e  a t  Day 8 in c r e a s e s ,  th e  s u rv iv o rs  
ex p ressed  as  a  p e rc e n ta g e  o f  t o t a l  i d e n t i f i a b l e  im p lan ts  a t  Day 21 w i l l  
a p p a re n tly  in c re a s e .
I f  t h i s  i n t e r p r e t a t i o n  i s  c o r r e c t  th en  an approx im ate LD f o ry j
in d o sp ic in e  dosage on Day 8 may be c a lc u la te d  from re fe re n c e  to  a  l i n e  
o f  b e s t  f i t  l in k in g  th e  p r o b i t  o f  p e rc e n ta g e  r e s o r p t io n s  and th e  dose 
l e v e ls  (s e e  F ig u re  2 1 ) . From t h i s  i t  can be seen  t h a t  th e  approx im ate 
"working*' DD^q i s  .375 mg/gram i f  th e  to x in  i s  a d m in is te re d  on Day 8 o f 
g e s ta t io n .
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Dose-Response Studies of Embryolethality. Dosage after 
Day 10 of gestation.
It will be recalled that an analysis of the data in Table VIII 
showed that the foetuses were equally susceptible to the erabryolethal 
effects of a specific dose of indospicine if given on or after Day 10. 
The results of experiments to determine dose-response studies over this 
temporal range are shown in Table X.
Dose
mg/gram
No. of 
Litters
No. of 
Foetuses
No. of 
Resorp­
tions
Total
Implants
*
Resorp­
tions
O.25O 10 109 6 115 5-2
O.5O 10 92 5 97 5-2
1.0 0 10 99 12 11 1 10.8
2.00 10 104 8 112 7 .1
TOTALS 40 404 31 435 -
TABT.R X Data from experiments to study the embryolethal
effects of indospicine when administered after 
Day 8 of gestation.
At each dosage level two litters were exposed to indospicine on 
each of Days 10, 12, 14, 16 and 18 of gestation. A chi-square test was 
performed to determine whether the foetuses were more susceptible to 
increasing dosage over the dose range tested. In this test
X (3) " 3,691 and * > 0 .1 0 .
Therefore it must be accepted that the foetuses are equally 
sensitive to the embryolethal effects of indospicine over the dose range
178
of O .25 - 2.00 mg/gram. Over this range the mean resorption rate is 
7» 13$ of implanted embryos. It is stressed that this is a minimum 
figure, for as explained above, if embryos are resorbed at or soon after 
implantation no evidence of implantation remains by Day 21.
Summary.
Indospioine-induced cleft palate is dose-dependent. Dose-response 
curves have been studied and U D ™  calculated to be 0.93 mg/gram with 
95$ fiduoial limits of 0.86 - 1.01 mg/gram. Cleft palate has been 
produced by a single indospicine administration on Day 12 and Day 13 only. 
The incidence after dosage on Day 12 was so low (2$) in a controlled 
experiment that the association cannot be unequivocally accepted.
Indospicine is significantly embryolethal in a dose of 1.00 mg/gram 
at all stages of post-implantation gestation. When the toxin is 
administered on Day 8 the embryos are particularly vulnerable (62$ 
mortality), but after Day 10 the foetuses are uniformly susceptible to 
this property of indospicine. Dose response studies show that for toxin 
administration on Day 8 an approximate D D ^  is .375 mg/gram, but that if 
indospicine is given after this time no dose-response effect is observed 
over the range O .25 - 2.00 mg/gram. When given after Day 8, indospicine 
causes a minimum of 7*13$ of implanted embryos to be resorbed compared 
with a control resorption rate of 3*2$.
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CHAPTER 9»
Experiments to Define the Qualitative Morphology of 
bones from Indospicine-induced Cleft Palate.
In Chapter 8 it was shown that a dosage pattern of 1.00 mg/gram of 
indospicine administered as a single dose on Day 13 produced 57*7 percent 
of foetuses with cleft palate. This dosage pattern thus comprised a 
practical means of producing cleft palate and was selected to produce 
this lesion for critical morphological analysis of the defect.
Using this uranoschitogenic technique one hundred and thirty-eight 
foetuses each with cleft palate were obtained. Autopsy, radiography, 
Alizarin Red S staining and radiographic cephalometry of these skulls 
has shown that the indospicine-induced cleft palate is an isolated lesion 
in the skull, with major qualitative changes involving five bones only - 
paired maxillae, paired palatines, and the pterygoid processes of the 
mid-line basi-sphenoid. Minor changes in bony outline were observed in 
the pre-sphenoid and basi-occiput. The remaining skull bones had been 
reduced in size as a manifestation of the generalized somatic dwarfism, 
but were otherwise normal in shape and qualitative morphology.
The fully developed definitive palatine lesion produced by maternal 
indospicine admin is traiti on has shown constant morphological similarity, 
irrespective of foetal size or maternal indospicine dosage (over the 
uranoschitogenic dose range tested). Examination of the norma basalis
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of the unprocessed skull shows the lesion as a full-length, elongated, 
narrow, torpedo-shaped cleft (see Figures 22 and 23). The anterior 
concave margin is posterior to the incisive papilla; the alveolar 
processes and. the normal mid-line epithelial cleft over the site of the 
premaxillary suture remain unchanged.
The rhinarium remains normal even in cases of cleft palate 
accompanied by extreme somatic dwarfism. The lateral extremities only 
of the two anterior palatine ridges remain prominent and the usually 
prominent third, fourth and fifth palatine ridges are barely recognizable 
and are quite rudimentary. The posterior three ridges are absent in 
indospicine-induced cleft palate foetuses (see Figure 23)*
Through the cleft one looks directly into the naso-pharyngeal duct. 
Anteriorly, the posterior hemi-ellipses of the choanae are seen and the 
mammillations of the maxilloturbinals in the anterior nasal space can be 
seen quite clearly through them. In no specimen was the tongue abnormal, 
nor was there any external evidence of micrognathia. Cephalometric 
examination of bony and soft tissue shadows by lateral radiography has 
revealed no abnormality of the mandible.
The bony elements that comprise the foetal skull and their palatine 
relationships are shown in Figure 13« The bones involved in the 
uranoschitogenic manifestations of indospicine are shown in Figures 24 
and 25. The teratogenic effects of indospicine on these individual 
palatine bones have been studied in considerable detail, by the method 
described in Chapter 6. The following account presents the results from 
this series of experiments.
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Teratogenic Effects in Individual Bones
Maxillae«
The maxillae show marked morphological changes in both size and 
shape. The bone is uniformly reduced in size in the indospicine treated 
specimens and is less densely oalcified (see Figure 26). Qualitative 
teratogenic changes are localized to the palatine process of this bone; 
the orbital, sphenoorbital, alveolar and zygomatic processes, and the 
maxillary body remain qualitatively unchanged, but have abnormal 
relationships.
Normally, the palatine process of the rodent maxilla is a rigid 
trapezoid with a sharply pointed anterior edge (forming the posterior 
wall of the anterior palatine foramen) which, with its counterpart, forms 
almost one half of the hard palate. This can be seen in Figures 27, 28 
and 29« Its sutural medial edge is ro\ighened where it joins its counter­
part along the anterior arm of the palatine cruciform suture.
By contrast, maxillae from indospicine-induced cleft palates show 
attenuated rudimentary palatine processes which are ellipsoidal in form, 
with thickened smooth rounded medial surfaces (Figures 30, 31 and 32). 
This rudimentary mass remains horizontally orientated and is not 
deflected in any way, in contrast with the horizontal plate of the 
palatine bones from foetuses with cleft palate. The rudimentary palatine 
process of the indospicine maxilla is separated from its opposite 
counterpart by the intervening cleft (see Figure 25).
In both the normal and the teratogenic series pits on the lingual 
surface of the palatine processes are seen after alkaline maceration and
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isolation of the bones. These mark the entry sites of Sharpey's fibres, 
and. are present in equal concentrations and of equal size in both series; 
it may be assumed that indospicine has no effect on their osseous 
insertion. The maxillary sinus and masseteric spines remain normal in 
spite of the adjacent cleft.
The zygomatic processes are directed more medially in the cleft 
palate series and point postero-medially rather than directly posteriorly. 
The long axis of the maxillary body is also curved (convex medially) 
instead of maintaining its usual straight line configuration. Thus the 
angle formed by the axes of the pars orbitalis and the maxillary body is 
more obtuse in the indospicine-treated group. (See Figure 26).
The premaxilla-maxillary, maxillo-palatine and maxillo-jugal 
articulations are normal. Maxillae from indospicine-treated foetuses 
without cleft palate are greatly reduced in size but are qualitatively 
normal (Figure 33); of particular importance is the retention of the 
trapezoidal shaped palatine process which, although absolutely reduced 
in size, nevertheless retains its pointed antero-medial margin and in no 
way resembles the rounded rudimentary process seen in the cleft palate 
skulls.
Palatine Bone.
The rodent palatine bone consists of fused horizontal and vertical 
plates from the posterior junction of which extends the pyramidal process 
(a structure analogous to the human palatine tubercle). At the 21-day 
gestation stage, the elements of the posterior nasal spine are not 
developed. The palatine bone resulting from the teratogenic effects of
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indospicine toxin is uniformly reduced in size, and cleared and Alizarin- 
stained specimens show decreased density with greater porosity of 
mineralized cancellous trabeculation; in addition, the abnormal bones 
showed some dedifferentiation of surface oontours, thus imparting to the 
bones a simpler, more primitive outline (Figure 34)*
Marked qualitative changes can be seen in the horizontal plate 
(pars horizontalis), which in the rat, forms the third quarter of the 
combined soft and hard palate. Normally, the horizontal plate is a rigid 
trapezoidal process which extends medially in the horizontal plane to 
meet with its counterpart to form the posterior arm of the palatine 
cruciform suture, a site marked as the median raphe in the soft tissue of 
the foetal palate. (Figures 35 and 36).
Palatine horizontal plates from cleft palate foetuses are 
rudimentary, the abnormal, bony processes being deflected lingually, with 
rolled attenuated edges (Figure 37)* The groove medial to the palatine 
crest is thus converted into an open trough, concave lingually, which in 
more severe cases is almost closed lingually to resemble an elongate 
cylinder. Normally, the forming horizontal plate reaches its definitive 
position after turning medially, but in indospicine-induced cleft palate 
it is deflected lingually, and in severe cases even laterally to form 
the trough-like structure seen in Figure 37*
The free edge of the rudimentary horizontal plate is smooth and 
thickened in contrast with the knife-like medial edge of the normal 
horizontal plate at 21 days gestation. (This is analogous to the 
thickened smooth rudimentary projection of tissue forming the attenuated
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palatine process of the indospicine maxilla, compared with the sharper 
medial margin of the normally sail-shaped maxillary palatine process).
The line of fusion demarcating the junction between the vertical 
and horizontal plates of the palatine bone is normally straight, but is 
curved (convex, medially) in bones from embryos with cleft palates} in 
severe cases with very wide posterior clefts, this curve is no longer 
smooth, and is of such degree that the fusion line really forms an obtuse 
angle at its midpoint.
Pits on the lingual surface of the horizontal plate due to the 
presence of Sharpey's fibres are an obvious feature of the normal 21 day 
foetal palate, but are smaller in size and greatly reduced in number per 
unit area in cleft palate specimens. This phenomenon, noted above in 
relation to the maxilla, is seen with greater facility in the palatine 
bone.
The normal rodent palate is arched from side to side and from front 
to back. The line of this arch is more acutely angled from front to back 
in the cleft palate foetuses, both the basi-cranial and palatal axes 
having smaller radii than those of the control foetuses. The posterior 
palatine foramen which is often doubled bilaterally (less commonly 
unilaterally) is in no way affected by the teratogenic process.
The vertical plate (pars perpendicularis) although slightly less 
detailed and differentiated in outline than normal and manifesting some 
decreased cancellous density at its anterior and posterior ends, is 
otherwise normal, and unlike the horizontal plate, remains qualitatively 
unaltered in any way. (See Figure 38).
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N e ith e r  th e  o r b i t a l  n o r  sp h en o id a l p ro c e s s  o f  th e  v e r t i c a l  p la t e  
i s  as w e ll d eve lo p ed  in  th e  in d o s p ic in e  hones and th e  sp h e n o p a la tin e  
n o tc h  ( re c o g n iz a b le  b u t  undeveloped  in  th e  norm al 21 day f o e t a l  bone) 
i s  a b sen t in  th e  c l e f t  p a l a te  s e r i e s -  The g r e a t e r  p a la t in e  g roov e , 
s i t u a t e d  on th e  l a t e r a l  a sp e c t o f  th e  p e rp e n d ic u la r  p l a t e ,  i s  p re s e n t  
b u t  l e s s  obv ious in  th e  c l e f t  p a l a te  s e r i e s .  In  some specim ens th e  
absence o f  norm al s o f t  p a l a t a l  t i s s u e s  has r e s u l t e d  in  some a t te n u a t io n  
o f  th e  r id g e  from which th e  s o f t  p a l a te  t i s s u e s  tak e  o r ig in .
The f l a t t e n e d  fan -sh ap ed  p yram idal p ro c e s s  i s  a t te n u a te d  and th e  
a d ja c e n t p te r y g o - p a la t in e  a r t i c u l a t i o n  i s  w idened. By c o n t r a s t ,  th e  
p a l a to - vom erine a r t i c u l a t i o n  and th e  p a la to - a l i s p h e n o id a l  a r t i c u l a t i o n s  
a re  q u i te  norm al. The p a la to -p re s p h e n o id a l  and p a la to -m a x i l la ry  
a r t i c u la t i o n s  ( in  s p i t e  o f  th e  a t te n u a t io n  o f  th e s e  two bones) a re  a ls o  
norm al.
B asisp h en o id .
The ro d e n t b a s isp h e n o id  form s th e  fo c a l  p o in t  o f  th e  b a s i - c r a n ia l  
a x is  (F ig u re  12) and in  fo e tu s e s  w ith  I n d ig o f e r a - induced  c l e f t  p a la te  
im p o rtan t t e r a t o lo g ic a l  f e a tu r e s  a re  p r e s e n t .
The planum o f th e  b a s isp h e n o id  in  th e  21 day fo e tu s  c o n ta in s  a  w e ll 
developed  b a s i - c r a n i a l  foram en (s e e  F ig u re  40)> in  a d d i t io n ,  a  sm all 
in d e n ta tio n  only  on i t s  p o s t e r i o r  s u r fa c e  in d ic a te s  th e  s i t e  o f  m edial 
fu s io n  o f  th e  two l a t e r a l  o s s i f i c a t i o n  c e n t r e s  (F ig u re s  39 and 40)* The 
l e s s e r  sp h en o id a l w ings p r o je c t  l a t e r a l l y  as s o l i d  p rom inen t s c a llo p e d  
p ro c e s se s . In  c l e f t  p a l a te  fo e tu s e s  th r e e  abnorm al f e a tu r e s  a re  
c o n s ta n t ly  p re s e n t  in  a d d i t io n  to  th e  o v e ra l l  re d u c t io n  in  s i z e .
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Firstly, the anterior rectangular projection of the bone is 
disproportionately foreshortened compared with its width, a feature 
imparting to the bones a compressed look antero-posteriorly (Figure 41)• 
Secondly, the decreased cancellous density of the bones has resulted in 
exposure, inferiorly, of the sphenoidal sinus in many cleft palate 
specimens (Figure 42). Thirdly, the fusion of the two lateral 
ossification centres has been partially inhibited and the basi-cranial 
foramen lies at the apex of, and in extreme cases is incorporated in, 
an elongate fissure with smooth shelving edges (Figure 42)»
Normally, the two medial pterygoid plates hang vertically from the 
basisphenoid planum and funnel very slightly, narrowing posteriorly the 
naso-pharyngeal canal running between them (Figure 40). The medial walls 
of the medial pterygoid processes face horizontally, but in the cases of 
cleft palate these are rotated on their long axes and face infero- 
medially. Without exception, the degree of spreading and rotation is 
more marked towards the anterior end of the bone (Figure 43)»
In many bones from cleft palate embryos the anterior edge of the 
medial pterygoid plate is posterior to the anterior edge of the 
basisphenoid planum and is more rounded and smoother than the somewhat 
roughened leading edge of the normal medial pterygoid plate (Figure 41)* 
The paired pterygoid bones which surmount the medial pterygoid 
plates show important teratological changes. Normally, each of these 
bones has an expanded club-shaped anterior extension which almost reaches 
as far foreward as the leading edge of the medial pterygoid plate. At 
the posterior extremity of the bone, a characteristic hook-shaped spur
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(concave laterally), the pterygoid hamulus, is present.
In foetuses with indospicine-induced cleft palate, however, five 
constantly-recurring changes are present in the pterygoid bone. Firstly, 
the anterior edge tends to be pointed, rather than expanded, a feature 
which imparts to the bone a stubby cigar-shaped outline (Figure 42). 
Secondly, the hamulus is absent, the posterior edge being replaced by a 
simple rounded thickened boss. Thirdly, the bone tends to be straighter, 
and to lie wholly within the para-sagittal plane rather than to be angled 
at the junction of its anterior and middle thirds, a feature imparting to 
the normal bones a converging orientation. Fourthly, although the length 
of the pterygoid bone is not disproportionately reduced, it is set much 
more posteriorly on the column of the medial pterygoid plate; this 
results in its anterior edge being considerably posterior to that of the 
pterygoid plate, and the posterior edge projects very considerably 
(almost half the length of the bone) past the posterior edge of the 
basisphenoid planum. Fifthly, the medial pterygoid plates are set much 
more widely apart and the surmounting pterygoid bones are therefore 
separated by a considerably greater distance than are bones from normali 
embryos, in spite of the fact that the teratological skulls are very much 
smaller than those of control foetuses.
The outward displacement and rotation of the medial pterygoid plates 
and the posterior shift of the pterygoid bones results in the plates 
being easily seen along their entire length - normally being almost 
completely hidden from view inferiorly by the surmounting pterygoid bones.
In studying normal foetuses from indospicine litters containing
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litter-mates with cleft palates, the degree of spreading’ and rotation of 
the medial pterygoid plates forms a graduated series, ranging from the 
normad appearance of the pterygoid plates and bones from control foetuses 
to that described above for foetuses with frank cleft palate. The 
commonest finding in the indospicine group without cleft was for the 
pterygoid plates to be more widely separated with parallelism of their 
long axes.
The sphenooccipital and intersphenoidal synchondroses have not been 
qualitatively altered but have been examined by radiographic cephalometry 
for quantitative changes.
Presphenoid.
This bone forms the skeleton of the posterior aspect of the roof of 
the exposed nasopharyngeal canal in foetuses with cleft palate (see 
Figure 1 5 ). The presphenoid manifests teratological changes in size, 
shape and surface contour.
The surface area is reduced to less than one half of its normal 
extent, and the normal rectangular outline is changed to a scutiform 
configuration (Figure 44)* The median longitudinal ridge, a prominent 
feature on the inferior surface of the presphenoid of the 21-day foetus, 
is not developed in foetuses with cleft palate. It is identifiable, 
however, as a rudimentary eminence. No evidence of displacement of the 
presphenoid as a whole is present in the one hundred and thirty-eight 
skulls examined.
Premaxilla.
The paired premaxillae, the remaining bones incorporated into the
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skeleton of the hard palate (albeit the primary palate) are reduced in 
size but all qualitatively normal in all respects (Figure 45)» The 
postero-lateral projections retain their same relative directional sweeps 
as do the normal bones, and the premaxilla-maxilla articulations are 
normal.
Basiocciput.
This single midline bone forms the remaining and posterior element 
of the basi-cranial axis (Figure I3). The basiocciput is reduced in 
size in embryos with indospicine-induced cleft palate (Figure 46). In 
addition, its antero-lateral margins are not developed to the same degree 
that one observes in the normal basiocciput. This imparts to the basi­
occiput a rhomboid configuration which contrasts with the bilaterally 
truncated ellipse of the normal bone.
Mandible.
Because of the frequent association of mandibular dysgenesis or 
limitation of mandibular movement with certain types of cleft palate 
with some suggestion of a causal relationship (Warkany, 1954» Trasler 
et al., 19 5 6; Burston, 1959» Asling et al., 1960; Poswillo, I9 6 1), 
the mandibles of cleft palate embryos have been examined in considerable 
detail.
The mandible of the normal 21-day rodent foetus consists of two 
unfused dentaries. A broad diastema separates the rudimentary incisors 
from the definitive alveolar ridges (see Figure 47)* The coronoid, 
condyloid and angular processes are present at this stage but are not 
well developed.
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Mandibles from indospicine-treated embryos with cleft palate are 
much reduced in size and the coronoid and condyloid processes are 
attenuated, but no qualitative difference in form or shape exists. The 
axial arc formed by the bone retains its normal curvature (Figure 47) 
and the masseteric ridge on the lingual aspect of the mandibular corpus 
is readily identifiable. Most importantly, the distal incisural notch 
is perfectly normal in the indospicine group and no suggestion of 
micrognathos is present.
Micrognathos is a common lesion associated with experimentally- 
induced cleft palate, and in human foetuses the occurrence of cleft 
palate and micrognathos forms two essential elements of the Pierre-Robin 
Syndrome. Many non-specific uranoschitic teratogens produce both cleft 
palate and micrognathos in addition to other defects (Warkany, 1954» 
As'ling et al., 1960j Poswillo, I961) the more site-specific group (e.g. 
cortisone and related drugs) produce micrognathos in a significant 
percentage of affected foetuses (Fraser and Fainstat, 1951a).
All foetuses from indospicine-treated mothers manifested identical 
mandibular changes (small size, coronoid and condyloid attenuation) 
irrespective of whether or not a palatine cleft was present.
Remaining Bones of the Facial and Cranial Skeleton.
The ossification centres for the occipital condyles are well 
developed in the 21-day foetus but are unfused with the basiocciput. 
Although reduced in size the occipital condyles from cleft palate 
foetuses are qualitatively identical with those from control foetuses 
(Figure 48).
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The alisphenoid bones sim ilarly  are identical in the two groups 
(controls and indospicine-induced c le ft  palate) and the foramina ovale 
and alisphenoid canals remain constant in the two groups (Figure 49)*
The vomer, squamosal and zygomatic bones are also  unchanged in 
shape or their respective relationsh ips, but are comparatively reduced 
in size  (Figures 50» 51 and- 52)« The frontal and in ter-p arietal bones 
are well developed in the normal 21-day foetus but the tympanic bullae 
are represented by a thin bony arc only at this developmental stage 
(Figure 14)* These bones were unchanged in the c le ft  palate se r ie s .
I t  can thus be seen that the lesion produced by indospicine is  
highly s ite -sp e c ific  and the teratogenic manifestations of the toxin 
show unprecedented anatomical localization  in th is species.
Summary.
One hundred and thirty-eight foetuses each with c le f t  palate have 
been studied in a series of experiments to define the qualitative  
morphology of the skeletal changes produced in the palate by indospicine.
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CHAPTER 10.
A Study o f the D e fin itiv e  Lesion o f 
In dosp ic in e - induced C le f t P a la te .
fo llow ing  the e lu c id a tio n  o f the  s k e le ta l  changes produced in  the  
fo e ta l  sk u ll by indosp ic  ine i t  was p o ss ib le  to  review th ese  te ra to g e n io  
s k e le ta l  e f f e c ts  in  r e la t io n  to  th e i r  surrounding s o f t  t i s s u e s .
This study was undertaken u s in g  s e r i a l  s e c tio n in g  techniques 
(see  page 160). S ix  s k u lls  each w ith  indosp ic ine-induced  c l e f t  p a la te  
and th ree  c o n tro l s k u lls  were examined in  th is  way» a l l  a t  Day 21 of 
g e s ta tio n . In  addition»  s in g le  blocks were cu t from sample fo e tu se s  w ith  
c l e f t  p a la te  from each l i t t e r  which had been exposed to  th e  to x in .
The genera l e f f e c t  o f in dosp ic ine  on the developing p a la te  can be 
most re a d ily  in te rp re te d  by i n i t i a l  re fe ren ce  to  the macrophotographs in  
F igures 54 and. 55* I t  can be seen th a t ,  whereas the  normal c o n tro l f u l l -  
term foe tu s has a w ell-developed p a la te  which se p a ra te s  the o ra l c av ity  
from the n a sa l c a v i t ie s  and naso -pharyngeal can a l, the  indosp io ine-exposed  
fo e tu s  may develop a  common oro-naso-pharynx w ith  rounded h o r iz o n ta l 
p a la tin e  sh e lv es  unfused w ith  a pendulous m idline n a sa l septum.
The prim ary p a la te s  o f fo e tu se s  w ith  in dosp ic in e - induced c l e f t s  
remain q u ite  normal and no case o f  c l e f t  prim ary p a la te  has been observed 
in  the exam ination o f over f i f te e n  hundred fo e tu ses  each w ith a  f u l l - le n g th  
c l e f t  o f the  secondary p a la te .  Coronal se c tio n s  through the prim ary p a la te
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reveal normal development of the premaxillary anlage and normal fusion 
of the two lateral facial processes (Figures 56 and 57) • The keratinized 
epithelial covering of the primary palate is fully developed and the 
lateral olfactory apertures are perfectly normal (Figure 57)*
The incisural fossa is not affected by a cleft of the secondary 
palate; this fossa and the underlying inter-premaxillary raphe are 
examined with greatest facility by coronal sections through the tip of 
the tongue (Figures 58» 59 and 60). A particular study of the dental 
anlage of the upper incisors has been undertaken in view of the earlier 
Wamekros theory of cleft palate embryopathogenesis - see page 4 1* 
Indospicine does not affect the development of the upper ineisors and these 
structures show no abnormality of their unerupted form (Figures 60 and 61). 
The dental papillae, dental lamina and stellate reticulum axe readily 
identifiable.
Serial sections of the tongue have demonstrated that although no 
gross abnormalities of the tongue are present, the absence of an overlying 
secondary palate results in high unmoulded filiform papillae on the dorsum 
of the tongue (Figures 62 and 63). This effect can be seen throughout the 
entire lengrth of the tongue which underlies the palatine defect (Figures 
69» 72, 76» 77)* The basal cell layer of the glossal epithelium is 
unchanged and both the control and the cleft palate series show identical 
strata granulosorum with minimal surface desquamation (Figures 62 and 63).
In the anterior maxillary coronal plane the two anterior nasal 
cavities have fused to constitute the single naso-pharyngeal canal 
(Figure 64). In the twenty-cne day old foetus ossification has proceeded
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to  the ¡nielline but a  d e fin ite  raphe o f midi ine f ib r o b la s ts  remains.
These are o rien tated  a t r ig h t angles both to  the p a la tin e  su rface  and 
to  the h o rizo n ta l p o la r ity  o f the m a xillary  o ste o b la sts  (F igure 65).
In the fu ll- te r m  co n tro l fo etu ses m esh-like spaces are presen t in  
the subdermal zones o f the in ta c t  p a la te  (Figures 65 and 66) .  These 
represen t areas o f the mesenchymal syncytium which have not y e t  been 
occluded by fib ro u s t is s u e  formation and compression. These c y s t - l ik e  
spaces can a lso  be id e n t if ie d  in  the p a la tin e  shelves o f fo e tu se s  w ith 
c l e f t  p a la te . By Bay 21 o f g esta tio n  the mucosal epithelium  l in in g  the 
nasopharyngeal canal i s  w e ll-d iffe r e n tia te d  and a c t iv e  mucinous se c re tio n  
i s  w ell advanced (Figure 67)*
In fo etu ses w ith c l e f t  p a la te  the m idline aperture r e s u lt s  in  a 
common oronasopharynx ñato which p ro je ct the rudimentary p a la tin e  p la te s  
(F igure 69). In the a n te rio r  portions o f the c l e f t  i t  can be seen th at 
the p a la tin e  sh elves have undergone normal ro ta tio n  from the v e r t ic a l  to 
the h o rizo n ta l plane although medial growth has been g re a tly  decreased.
In te r e s t in g ly , in  s p ite  o f fa i lu r e  o f p a la tin e  s h e lf  growth as a whole, 
almost complete d if fe r e n t ia t io n  o f epithelium  (which covers the unfused 
p a la tin e  s h e lf)  proceeds norm ally, and a sharp p oin t o f  demarcation i s  
presen t a t the ju n ction  o f the k e ra tin iz e d  squamous epithelium  l in in g  the 
o ra l c a v ity  and the re sp ira to ry  epithelium  lin in g  the la t e r a l  n asa l c a v ity  
(F igure 70). The only exception to th is  s ta te  is  a small zone o f  more 
rudimentary re sp ira to ry  epithelium  which extends fo r  a v a r ia b le  d istan ce  
from th is  sharp ju n c tio n a l point along the superior su rface  o f the 
p a la tin e  p la te  (Compare Figure JO w ith Figure 67). The s i t e  o f  th is  sharp
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demarcation between oral and nasal epithelium is significant in that 
it acts as an indicator of the degree of shelf rotation and movement.
This greatly facilitates interpretation of shelf behaviour especially 
in the posterior parts of the cleft.
In coronal sections through the posterior end of the cleft it can 
be seen that shelf rotation has not proceeded completely (Figure 83).
This implies that the cause of cleft formation in this posterior palatine 
zone could be attributed to a failure of one or both of two distinct 
mechanisms - both of rotation to the horizontal plane and of continued 
medial growth. In this context it is pertinent to note the example of 
solitary cleft of the soft palate shown in Figure 53* This type of cleft 
was encountered very rarely (observed in three foetuses only), but its 
occurrence is significant in that it implies the possibility of 
dissociation of these two kinetic elements known to be necessary for 
normal palatine development. Such cases can be best interpreted as being 
due primarily to a failure of shelf rotation in the posterior zones.
Where shelf rotation has proceeded normally (as in the hard secondary 
palate) subsequent medial growth has been normal in these cases of partial 
cleft.
In coronal sections of the anterior third of the palate one observes 
the first unequivocal evidence of the basic morphological defeot which 
constitutes the sigmata of indospicine-induced cleft palate. This takes 
the form of complete loss of polarity of the mesenchymal cells and the 
fibroblasts and osteoblasts which subsequently differentiate from them 
(Figure 71)• formally, one observes in the twenty-one day old control
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fo e tu s  alm ost complete h o riz o n ta l p o la r i ty  o f these  c e l l s  in  th e  fused 
secondary p a la te  (F igures 68, 75, 211).
The rudim entary p a la tin e  sh elv es from fo e tu se s  w ith c l e f t  p a la te  
con ta in  masses o f o s te o b la s ts ,  f ib r o b la s ts  and a re ticu lum  o f mesenchymal 
c e l l s  which a re  arranged  e i th e r  in  haphazard ap o la r a rra y  (F igure  70) o r 
in  a compact whorled form im parting  a "w hirlpool" appearance to  the 
coronal se c tio n  o f th e  unfused s h e lf  (F igures 71 and 83).
Serosal p a la t in e  glands a re  a prom inent fe a tu re  of th e  fu ll - te rm  
secondary p a la te  (F igures 66, 78, and 8 0 ). They extend across the  f u l l  
w idth o f the p a la te  in  the sub-derm al t i s s u e s  and a re  p a r t ic u la r ly  dense 
in  the  p o s te r io r  end o f the s o f t  p a la te  (F igure 78 ). I t  i s  im portan t fo r  
the observer n o t to  confuse them w ith epiderm al c y s ts  which they can 
s u p e r f ic ia l ly  resem ble a t  lower m agn ifica tions (F igure 217)* In  none o f 
the fo e tu se s  examined was th e re  any evidence o f breakdown or c y s t ic  change 
in  these p a la tin e  g lands.
In fo e tu se s  w ith  c l e f t  p a la te  th ese  p a la tin e  g land u la r masses were 
p re sen t in  normal form in  the  l a t e r a l  zones o f the  rudim entary p a la tin e  
shelves and were p re sen t in  normal d en sity  in  th ese  p a r ts  (F igures 77» 84 
and 85). However, the  more medial zones o f th e  p a la tin e  shelves were 
q u ite  devoid o f g lan d u la r t i s s u e ,  and in  a l l  fo e tu se s  examined th e  medial 
zones were composed o f r e la t iv e ly  u n d if fe re n tia te d  t i s s u e  (F igures 77» 81, 
84 and 85) .  In  a l l  cases o f c l e f t  p a la te  was p re sen t a la rg e  b u f fe r  zone 
devoid o f th ese  p a la t in e  se ro sa l g lands.
In  i t s  p o s te r io r  th i r d  the normal nasopharyngeal oanal changes from 
a tube f la t te n e d  in  i t s  v e r t ic a l  ax is  (F igure 66) to  one which i s  more
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cylindrical or trapezoidal in cross-section (Figure 78). It is lined by 
well-differentiated ciliated columnar epithelium with numerous actively- 
secreting mucinous cells and invariably contains amniotic debris (Figures 
76, 78 and 79)* The corresponding nasopharyngeal aperture from foetuses 
with indospicine-induced cleft palate did not show this change of shape 
and it remained flattened in its vertical axis throughout its entire 
length (Figure 84)» Its superior and lateral walls were lined by normal 
well-differentiated respiratory epithelium although this became 
dedifferentiated for approximately 100jo . proximal to its junction with 
the squamous epithelium of the lateral pharyngeal wall (Figures 84 and 85)»
The posterior molar anlage has not been altered by the change in the 
adjacent soft palate (Figure 82). The characteristic "whorling" effeot 
on fibroblasts which was noted as the major teratogenic effeot in the 
edges of the cleft hard palate is seen even more dramatically in the 
shelves of the cleft soft palate (Figure 83); complete loss of polarity 
has occurred in the posterior margins of the cleft soft palate (Figure 86). 
Mitosis of mesenchymal cells in these rudimentary palatine shelves is 
still actively progressing in cleft palate foetuses at Day 21 of gestation. 
This is an unusual feature of the intact normal palate at this stage of 
development.
No abnormality of vascular channels has been observed and normal 
sinusoidal-like vessels are easily identifiable in the palatine tissues 
of both normal controls and cleft palate foetuses (Figures 79 and. 85)«
The skeletal changes noted in the pterygoid processes and pterygoid 
bones which accompany indospicine-induced cleft palate (see page 186 et
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se q .)  a re  re a d ily  id e n t i f ia b le  in  h is to lo g ic a l  s e c tio n s . The normal 
p terygo id  p rocess w ith  i t s  surm ounting cap o f p te rygo id  bones to g e th e r 
w ith  th e i r  r e la t io n s  to  the b a s i-o c c ip u t and nasopharyngeal canal can 
be seen most conven ien tly  by re fe re n c e  to  F igures 78 and 7 9 . I t  can be 
seen th a t  the  nasopharyngeal canal runs i t s  course p o s te r io r ly  through 
(and supported by) the  two columns o f the  p te ry g o id  p la te s  on each s id e . 
These norm ally hang v e r t ic a l ly  from and a t  r ig h t  angles to  the planum of 
th e  basisphenoid  bone.
The p terygo id  p rocesses from fo e tu se s  w ith  c l e f t  p a la te  a re  g re a tly  
a tte n u a te d , axe sp layed outwards, and p re sen t a J-shaped  o r hooked p r o f i l e  
on c ro ss -se c tio n  (F igure 83 ). As the p tery g o id  process develops by 
membranous o s s i f ic a t io n  and as th is  p a r t  o f the sk e le to n  o f th e  s o f t  
p a la te  does no t undergo ro ta t io n  as do the  more a n te r io r  bony m ax illa ry  
sh e lv es , one i s  forced  to  consider the p o s s ib i l i ty  o f tongue p re ssu re  
causing  th i s  e f f e c t .  This may follow  as a n a tu ra l consequence o f f a i lu r e  
o f tongue descen t due to  incom plete s h e lf  form ation a n te r io r ly .  That i s ,  
ro ta t io n  o f the  more a n te r io r  s k e le ta l  elem ents o f th e  p a la te  (o r  t h e i r  
anlage) occurs norm ally in  s p i te  o f indosp ic ine  a d m in is tra tio n ; however, 
m edial growth o f these  e lem ents, composed la rg e ly  o f the  p a la t in e  p la te s  
o f the  m ax illa ry  and p a la tin e  bones, i s  stopped. The tongue thus remains 
high in  the  combined oronasopharynx and th is  f a i lu r e  o f complete desoent 
could cause l a t e r a l  displacem ent (p o s te r io r ly )  o f the p te ry g o id  an lage.
This concept i s  given added emphasis when one s tu d ie s  the s i t e  of 
ju n c tio n  between o ra l and n asa l ep ithelium  in  the se c tio n s  o f c l e f t  s o f t  
p a la te  (F igure 83)» I t  can been seen th a t  the o ra l squamous ep ith e liu m
199
ends abruptly at the lower face of the rudimentary shelf rather than 
at its medial edge. This observation can be most satisfactorily explained 
by physical pressure applied on its medial face imparting a rotational 
moment.
Summary.
The morphological changes of indospicine-induced cleft palate have 
been studied histologically. These changes have been described in detail. 
It has been demonstrated that the primary palate is unaffected by the 
teratogenic process. Dental anlage also remains unaffected. The palatine 
shelves of the mid-palate regions have rotated normally but subsequent 
medial growth has been suppressed by the indospicine. Constant teratogenic 
effects have also been observed in the polarity of palatine-shelf cells, 
in the distribution of palatine glands, and in the shape of the naso­
pharyngeal canal.
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CHAPTER 11.
Serial Investigations of the Morphogenesis of 
Indospicine-induced Cleft Palate.
In order to study the sequence of anatomical changes that lead to 
the formation of the definitive palatine cleft, foetal skulls have been 
examined by serial section studies at daily intervals from Day 12 to 
Day 21 of gestation (inclusive). Two skulls from each of the control 
and indospicine-exposed groups were examined at each successive day of 
gestation. Rattus norvegicus foetuses (Sprague-Dawley strain) were 
used for this study. In this strain of rat the foetal palate fuses on 
Day 16.5 of gestation. In addition, several Rat tus rattus foetuses 
were studied by serial sectioning techniques both prior to and after 
the expected time of palate closure. Palatine changes observed in this 
latter strain were identical to those produced in Rattus norvegicus.
In the account which follows the age of the foetus refers to the 
day of gestation on which the foetus was examined.
DAY 12.
By the morning of the twelfth day of gestation the two lateral 
premaxillary processes and the two maxillary processes have almost 
completely fused to constitute the primary palate anteriorly. This 
longitudinal time study of palatine development and its modification by
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indospicine was therefore commenced, at this developmental stage.
At the most anterior points of the two premaxillae fusion has not 
occurred and a small midline cleft is present. This remains as the 
midline skin cleft which can be seen macroscopically in the full-term 
foetus (See Figure 22).
By the twelfth day of gestation the olfactory placodes are well- 
differentiated and have begun to sink into the surrounding premaxillary 
and maxillary tissues forming the olfactory pits (Figures 87 and 88).
The olfactory cavities are not formed at this stage.
The integrity of the primary palate is well established by the 
fusion of the two premaxillary and maxillary processes (Figure 8 j ) ,  and 
the roof of the primitive stomatodaeum is lined by a layer of ectodermal 
cells} these form a discrete layer over the deeper undifferentiated 
mesenchyme (Figure 88). The buds of the palatine shelves have not yet 
begun to develop from the roof of the stomatodaeum which has a relatively 
smooth, arched contour (Figure 89)- The posterior part of the roof of 
the stomatodaeum closely approximates to the ventricular cavity but no 
trace of an anterior neurenteric canal is present (Figures 90 and 91)•
The mandibular processes are well-developed laterally but have not 
completely fused in the midline (Figures 89, 90 and 91)• Glossal tissue 
has not yet commenced to differentiate. The stage of development reached 
by the oral and nasal tissues ean be most conveniently appreciated by 
reference to the coronal sections shown in antero-posterior sequence in 
Figures 87 to 91*
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DAY 13.
The rapidly developing facial and buccal regions show very 
significant changes during the next twenty-four hours. The midline 
shallow cleft between the anterior tips of the premaxillary processes 
can be easily demonstrated (Figure 92). The olfactory placode has sunk 
much further into the surrounding tissues and differential growth of 
the prexamillary and maxillary tissues at its margins have resulted in 
the development of deep (but unolosed) olfactory pits anteriorly 
(Figure 93)* More posteriorly, definitive lateral nasal cavities have 
formed above the fused and well-constituted primary palate (Figure 94)* 
It is important not to oonfuse slight irregularities of outline of the 
primary palate with the development of a palatine shelf which they can 
superficially resemble at this very early stage of development. The 
lateral nasal cavities open posteriorly into the stcmatodaeum through 
the posterior nares (Figure 95)*
The maxillary processes continue to develop and form large lateral 
masses in the region of the definitive upper jaw (Figures 95 and 96 ) .
The mandibular processes have completely fused during this twenty-four 
hour period of development. This can be least appreciated by comparing 
Figure 96 with Figure 89*
It is at this time (Day 13) that the first evidence of the develop­
ment of the palatine shelves can be seen (Figure 96). These commence as 
tiny hemispherical eminences in the supero-lateral aspects of the 
stomatodaeum roof. Regions of increased mitotic activity are present in 
these very rudimentary palatine shelves (Figure 99)* From the earliest
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development of these palatine shelves the covering epithelium has 
differentiated into a layer two to three cells in thickness (Figures 98 
and 99). The long axis of these epithelial cells is rapidly orientated 
at ri^vfc angles to the surface (Figure 99)» The mesenchymal cells of 
the shelf itself are still undifferentiated and they remain randomly 
orientated in the palatine eminence. The alignment of these cells with 
their long axes parallel - that is, the development of "polarity" - is 
an important feature of the subsequent shelf morphology.
The development of the palatine shelf bud is accompanied by the 
parallel development of a prolific vascular network in the sinusoidal 
lumens of which can be seen numerous nucleated foetal erythrocytes 
(Figures 98 and 99)* By Bay 13 of gestation the posterior part of the 
stomatodaeum roof is still smoothly arched from side to side with little 
or no development of the palatine shelves (Figure 97)* In this region 
no mesenchymal differentiation at the definitive site of the basisphenoid 
has, as yet, occurred and the roof of the common naso-buccal cavity is 
still relatively close to the ventricular cavity of the brain.
Amniotic fluid with its suspended amorphous particulate debris is 
universally present in the common naso-buccal cavity posteriorly and in 
the lateral nasal cavities and stomatodaeum anteriorly.
SAY 14.
By Bay 14 the primary palate is composed of a dense mass of 
mesenchymal cells which separate the stomatodaeum from the now well- 
developed lateral nasal cavities (Figure 100). The primary palate is 
covered with a multi-cellular layer of differentiating epithelial cells.
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The nasal cavities have developed a slit-like form (Figure 102) which 
resembles their definitive shape, and the olfactory nerves are well 
developed.
The mandibular processes now form a strong bar of tissue (Figure 
102). The tongue now shows quite significant development (Figures 104, 
108 and 113) although its longitudinal midline V-shaped notch is quite 
prominent. The tongue remains high in the common naso-buccal cavity and 
the palatine shelves hang down vertically on either side (Figures 113 
and 115)* These shelves show greatest development in the mid-palatine 
region (Figure 115).
The palatine shelves show much advanced development at this time 
(Figure 104). Coronal sections through them show greatly increased 
mitotic activity of the mesenchymal cells of which they are composed 
(Figure Hi). These cells are densely packed together (Figures 106, 108 
and 109). However, no alignment of the shelf cells to form a polarized 
arrangement has yet commenced and these mesenchymal cells appear quite 
randomly distributed (Figures 106 and IO9).
The epithelium covering these developing palatine shelves also 
continues to proliferate and by Day 14 has become several cells thick 
(Figures IO6 and Hi). Vascular sinusoidal networks which contain 
nucleated erythrocytes are prominent (Figure 111).
Examination of skull? taken from fourteen-day old foetuses treated 
with uranoschitogenic doses of indospicine show two important changes; 
that is, teratogenic effects of the toxin can be produced twenty-four 
hours after its administration. Firstly, generalized retardation of
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development occurs and the process of differential growth in both 
maxillary and both mandibular processes has been retarded.
In this regard it is interesting to compare the developmental stage 
reached by the fourteen day old indospicine-affected skull shown in 
Figure 103 with the normal control thirteen day old skull in Figure 95* 
However, in spite of this generalized retarded development the premaxillary 
and maxillary processes have continued to fuse normally (Figures 101, 103 
and 105) > and the olfactory placodes and olfactory pits are normal (Figure 
IOI). Beoause of the continued consolidation of premaxillary and maxillary 
fusion the primary palate is not affected apart from being generally 
reduced in size (Figure 101).
The nasal cavities show normal development and the posterior nares 
are qualitatively unchanged; in addition, the mandibular processes form 
a strong anlage for the development of the lower jaw and no abnormality 
of fusion has been demonstrated (Figure IO3).
The second constantly occurring change which is observed following 
indospicine administration is the formation of bleb-like structures at 
the expected site of palatine bud development (Figures 105» I0 7» 110 and 
1 1 2 ). In several embryos another bleb formed at the apogee of the 
stomatodaeum roof although this change was not present constantly.
Whether or not the blebs contain fluid is uncertain although this 
seems most probable; however, no proteinaceous deposits have been 
demonstrated in the bleb. The superficial layer of epithelial cells is 
lifted from the underlying tissues. Whether the lesion consists solely 
of this acantholytic change or whether mesodermal structures are also
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involved is uncertain at present. Retardation of epithelial development 
and some interstitial oedema of the shelf bud are constantly present 
(Figure 112). The blebs extend for variable distances along the shelf 
but are of maximum size at the anterior and middle zones of the developing 
secondary palate. In the posterior zones bleb formation is often absent, 
but the shelves are more flattened and less developed than normal (Figure 
116).
The tongue manifests retarded development also with a more obvious 
midline fissure, but is otherwise normal.
DAY 15.
By the beginning of Day 15 the facial and jaw structures of the 
normal foetus are easily recognizable maorosoopically and have attained 
most of their definitive form. The nasal cavities are well developed and 
the premaxillary and maxillary condensations of mesenchymal cells are 
well advanced (Figures 117 and 118). The olfactory conchae have started 
to differentiate from the hitherto simple nasal cavities and the olfactory 
nerves continue to develop (Figure 120).
The primary palate has shown little change over the preceding twenty- 
four hours (Figure 118). However, the mandibular processes are much more 
developed in their lateral zones (Figure 118) and the tongue is now a 
struoture of considerable size which extends forward to the middle of 
the primary palate (Figure 120). The tongue remains high in the naso- 
buccal cavity and is closely adjacent to the base of the nasal septum 
anteriorly (Figures 123 and 126). Posteriorly, the tongue is closely 
applied to the roof of the naso-buccal cavity and no evidence of glossal
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descent is yet apparent (Figures 134 and 135)* At no stage have any naso- 
glossal adhesions been observed.
Considerable development has also occurred in the palatine shelves 
during the preceding twenty-four hours. The shelves are now large parallel 
wedge-shaped bars of tissue which project into the naso-buccal cavity 
almost to the mandibular attachment of the tongue (Figures 123 and 126).
Although still closely-packed within the palatine shelves the 
mesenchymal cells have commenced to undergo early fibroblastic differentia­
tion and the first evidence of parallel alignment of the cell bodies - 
polarization - is present (Figures 124 and 132). This alignment of cells 
parallel to the long axis of the palatine shelf persists in. spite of shelf 
position or of the degree of rotation that the shelf subsequently undergoes. 
Polarization is observed first in the more posterior regions of the palatine 
shelves late on the fourteenth day of gestation and by Day 15 is a well- 
established phenomenon (Figures 130 and 132).
Mitotic activity is prominent among both mesenchymal and epithelial 
cells. No further structural changes have occurred in the epithelium 
covering the shelves. Erythrocyte-filled vascular channels are plentiful 
at this stage, and one large vessel, the greater palatine artery, has 
become evident.
At the anterior extremity of the palatine shelf rotation to the 
horizontal plane has commenced so that by Day 15 the shelves have rotated 
through approximately 30°. In these anterior zones shelf rotation has 
proceeded apace with shelf development (Figures 123 and 126). It is 
interesting to note that shelf rotation proceeds before commencement of
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mesenchymal polarity in these anterior zones.
However, in the posterior zones, the palatine shelves hang down 
vertically on either side of the tongue (Figures 130 and 134)» That is, 
although polarity of shelf cells develops first in the posterior part of 
the shelf, medial rotation commenced at the anterior end. The condensations 
of mesenchymal cells that will form the definitive basisphenoid (by intra- 
membranous ossification) now separate the posterior nasobuccal cavity 
from the lumen of the third ventricle (Figure 135)*
Examination of skulls from fifteen-day old foetuses exposed to 
uranoschitogenic doses of indospicine on Day 13 has revealed further 
morphopathogenetic changes. Such skulls still manifest generalized 
reduction in size but the temporary retardation of development of the 
maxillary and mandibular processes noted in the fourteen-day old skulls 
is no longer present. That is, the maxillary and mandibular tissues now 
show almost the same degree of differentiation and development as do those 
from corresponding control foetuses (Figure 119)» The primary palate is 
normal and development of this region has progressed normally during the 
preceding twenty-four hours. No pathological changes can be seen in the 
tongue (Figures 119, 121 and 122).
The olfactory nerves and nasal cavities have continued to develop 
(Figure 121) although the nasal conchas are not as differentiated as those 
forming in the nasal cavities of control foetuses. As a consequence, the 
lateral walls of the nasal cavities are much smoother in foetal skulls 
from the indospicine-exposed series than in those of the control series. 
However, the development of the posterior nares has proceeded normally,
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and the usual zone of active cellular proliferation that forms between 
the nasal septum and the posterior segment of the primary palate is present 
(Figure 122).
The teratogenic features first observed in the palatine shelves 
twenty-four hours after indospicine administration have shown further 
important modifications by Day 1 5 of gestation.
Firstly, no further evidence of bleb formation is present. These 
structures are of transient form and have not been observed in any foetus 
older than fourteen days. However, at the site where the blebs have formed 
several constant changes now remain. The covering epithelium is quite 
irregular and its component cells do not manifest the polarity of both the 
basal and more superficial cells so characteristic of epithelium covering 
the developing palatine shelves of control foetuses (Compare Figure 124 
with Figure 125).
In addition, the sub-epithelial regions contain fewer cells than do 
those from the shelves of controls. A diffuse zone of amorphous material 
(one to two cells thick) separates the basal layer of covering epithelium 
from the underlying mesenchymal cells. This appearance is compatable with 
the hypothesis of epithelial reattachment after subsidence of the bleb 
which caused the epithelial layer of cells to be stripped from the under­
lying tissue. Following reattachment there has been los3 of organisation 
and polarity of the reaffixed cells. These changes have been observed in 
the anterior parts of the palatine shelves and correspond exactly with the 
zones of bleb formation observed on Day 14* In the posterior regions of 
the indospicine-affected palatine shelves the covering epithelium is
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unchanged (Figure 133).
Secondly, the mesenchymal cells of the developing shelf still manifest 
no suggestion of commencement of the normally-developing polarity (i.e. 
parallel alignment) that is such an important feature of the normal Day 15 
palatine shelf (Figures 125 and 133)* These mesenchymal cells are also 
less differentiated than normal and no transformation to a more definitive 
connective tissue cell-type (fibroblast or osteoblast) has yet commenced.
In addition, these indospieine-affected mesenchymal cells show greater 
pleomorphi8m than those of normal controls (Figure 125). The vasculature 
of the region is possibly more prominent than would be expected and several 
of the larger sinusoidal vessels are unduly dilated (Figure 129). These 
become more prominent as development proceeds.
Thirdly, a characteristic distortion of the shelf outline has developed, 
probably due to the above-described changes occurring within the cells of 
which it is composed. Coronal sections of these distorted palatine shelves 
demonstrate that the normal wedge-shaped outline is replaced by an 
irregularly-rounded boss (Figures 127, 128 and 131)• However, in spite of 
the retardation of shelf development and of the abnormal shape which it 
has formed, rotation has proceeded normally and no abnormality of relation­
ship between the tongue, nasal septum, mandibular processes and palatine 
shelves is present (Figures 127, 128 and 129). Of considerable significance 
is the fact that the tongue occupies its expected position within the 
common naso-buccal cavity (Compare Figure 126 with Figure 127).
In summary therefore, the palatine shelves manifest growth retardation, 
irregularity of outline, loss of differentiation and polarity of mesenchymal
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oells and changes in the covering epithelium} in spite of these widespread 
teratogenic effects no abnormality of tongue position or shelf rotation 
has ooourred.
PAY 16.
By Day 16 no evidence remains of the fusion of the two premaxillary 
and anterior maxillary processes in the control skulls and the anterior 
nares have adopted their definitive form (Figure 138). The primary palate 
continues to grow and the incisive papilla which protrudes lingually from 
its caudal end is now evident (Figure 139)» Mesenchymal condensation and 
early differentiation of the premaxillary bones have continued but no 
osteoid has been produced.
The mandibles are very well developed and Meckel's cartilages are 
quite prominent. The tongue has continued to grow and has now commenced 
to desoend in the naso-buccal cavity although its dorsal (i.e. palatal) 
surface is still above the inwardly-rotating palatine shelves (Figures I40 
and 141)* It is apparent that tongue descent is occurring independently 
of shelf growth and shelf rotation.
The palatine shelves themselves have not grown very rapidly over the 
preceding twenty-four hours and their overall growth rate has almost 
stopped when compared with the rapid changes observed up to this time. 
Internally, however, striking changes are continuing. Mitoses of mesenchymal 
cells are easily identified (Figure 143) and the loss of their primitive 
mesenohymal form is becoming more obvious. Many cells now have the 
appearances of young fibroblasts and the first indications of inter-cellular 
fibrous tissue has appeared.
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Polarity of cells has further progressed and most of the 
differentiating connective tissue cells have become aligned in the long 
axis of the shelf, irrespective of the degree of shelf rotation (Figure 
142).
Shelf rotation has shown little progression over the preceding 
twenty-four hours and the shelves remain slightly rotated anteriorly 
(Figures I40 and I4 1) but still hang vertically on either side of the 
tongue posteriorly (Figure 142). That is, although rotation first commences 
late on Day 14» there is a transient phase when this rotation ceases on 
Day 16. Vascularity of the shelves remains unchanged during this phase.
At this time an interesting change can be observed in the epithelium 
covering the palatine shelves in the control series. That on the medial 
sides of both shelves (that is, that epithelium destined to line the 
nasopharyngeal canal) becomes one-cell thick, and adopts a form which 
resembles primitive respiratory epithelium. That epithelium lining the 
definitive buccal side of the shelves remains as a multicellular layer and 
will further differentiate into keratinized squamous epithelium (Figure 143)* 
In other words, epithelial differentiation and organization commences before 
shelf fusion and even before shelf rotation.
The skulls from indospicine-exposed foetuses differ from normal 
controls only in size and in the changes previously observed in the 
palatine shelves. The degree of medial growth is still less than normal 
but no abnormality of shelf rotation is yet visible. The sub-architecture 
of the shelves and the mesenchymal cells of which it is composed remain 
abnormal.
213.
The mesenchymal cells still have not commenced to differentiate 
although much of the pleomorphism observed on Day 15 has disappeared.
Mitoses are prominent in spite of the rounded, rudimentary shelves but 
mesenchymal polarity has not commenced. Vascular sinusoids are dilated 
and appear more prominent than those observed in the normal controls.
DAY 17.
During the twenty“four hours preceding Day 17 of gestation a series 
of important events occurs which leads to the formation of the normal 
secondary palate. It is during this time (specifically at Day 16.5 ft1 
this species of Rattus) that the palatine shelves undergo full rotation 
with concomitant medial growth and subsequent midline fusion. It is also 
during this period that many of the para-palatine tissues finally form 
their definitive structure . Because of the importance of this develop­
mental stage for an understanding of both normal and indospicine-influenced 
palatine development, both the normal and the morphopathogenetic appearances 
at Day 17 have been studied in considerable detail.
Normally, the primary palate has continued to develop and is now 
formed by a thick dense zone of well-differentiated fibroblasts (Figure 
144). The premaxillae are now clearly demarcated and are composed of dense 
condensations of osteoblastic cells; no osteoid is yet present in this 
region. The hair follicles of the vibrissae are very well differentiated. 
The two nasal cavities have acquired their definitive structure and the 
nasal conchae are also fully developed. The epithelium lining the nasal 
cavities is composed of tall columnar cells, and for the first time mucus- 
secreting cells can be seen among them. The epithelium lining the oral
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surface of the primary palate is of stratified squamous type although no 
keratin has yet been formed.
The incisive papilla has remained unchanged during the preceding 
twenty-four hours apart from some epithelial differentiation on its 
surface (Figure 146). The mandible continues to develop and all elements 
of its definitive structure are fully represented. The tongue has also 
formed its definitive structure and the muscle fasciculi that traverse 
its substance are now apparent (Figures I46 and 1 5 0 ).
In the posterior part of the primary palate the junctional zone 
between the nasal septum and the palatine tissues is still well demarcated 
(Figure 148). The chondrocytes of the nasal septum are now clearly 
identifiable and the olfactory nerves continue to enlarge.
After a period of relative quiesence (from Day 15 to Day 1 6 ) the 
palatine shelves have very rapidly undergone the separate kinetic processes 
of medial rotation, medial growth and fusion, each with its contralateral 
homologue and with the nasal septum. These three kinetic elements have 
been largely initiated and completed within a temporal period of twelve 
hours. These three processes will be considered separately.
Anteriorly, shelf rotation has been completed from the partially- 
rotated position adopted first on Day 15* in the middle and posterior 
zones of the secondary palate medial rotation has been initiated and 
completed in the twelve hours preceding Day 17 (Figures 1 5 O, 152» 156, 162 
and 164). In no control foetus examined has there been evidence of 
failure of full rotation by the morning of Day 17*
Following the transient twenty-four hour period of relative quiesence
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noted on Day 16 medial growth has been greatly accelerated in all parts 
of the shelves. Fusion of these shelves now completes the triad of kinetic 
processes leading to the constitution of the secondary palate. Fusion 
commences in the posterior parts of the definitive hard palate region and 
very rapidly extends both posteriorly and anteriorly until the middle and 
posterior thirds of the secondary palate are fully constituted (Figures 
156, 162 and I64).
That is, although shelf rotation and accelerated medial growth occur 
in wave-like manner from front to rear, fusion commences near the posterior 
end and advances towards the primary palate. By Day 17 a short zone often 
remains at the anterior end of the secondary palate where the palatine 
shelves and nasal septum remain unfused (Figure 152).
The processes of medial growth and shelf fusion occur simultaneously 
with tongue descent, and the nasopharyngeal canal is thus constituted 
(Figures I50 and I62). The nasal septum grows down to, and fuses with the 
newly-formed intact palate within several hours of palatine shelf fusion.
Higher magnification studies of the fusing shelves reveal normal pre­
fusion acantholytic changes that occur at the tips of the apposing palatine 
shelves and (anteriorly) the nasal septum. The epithelium covering the 
tips of the shelves and nasal septum begins to become attenuated and to 
fragment (Figures 150, 152, 154 and 156).
The epithelial debris remaining at the site of shelf fusion is very 
rapidly resorbed, and small collections only of the epithelial granular 
material remain by Day 17 to mark the fusion raphe (Figures 156, 158» I60, 
162, 164 and 166). Only occasionally does sufficient epithelial material
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remain in the intact palate by Day 17 to form true epithelial "pearls" 
although these were identified in some foetuses (Figure 160). These 
sagittal streaks of epithelial granular debris remained at the sites of 
most recent fusion only, and thus were seen most prominently in the extreme 
posterior zones of the soft palate (Figures I64» 166 and I68) and at the 
anterior end of the hard palate. In none of the embryos examined was there 
any evidence of incomplete shelf fusion due to large epithelial masses or 
to granular inclusions of epithelial (or other) origin.
By Day 17 most of the fibroblasts had established polarized linearity 
across the fusion raphe and further differentiation of these cells was 
occurring (Figure I60). It will be recalled that polarization of the 
differentiating mesenchymal cells commenced first in the unrotated posterior 
regions of the palatine shelves on Day 15» by Day 17» however, this 
polarization has only just begun in the anterior zones.
Differentiation of muscle cells within the soft palate is now evident. 
Vascularization of the now intact palate is well advanced and the greater 
palatine artery and the corresponding palatine veins are clearly seen in 
coronal sections of the palate. Osteoid has commenced to be deposited at 
the sites of intramembranous ossification that form the bodies of the 
maxillary and palatine bones, but no ossification of the palatine extensions 
of these bones has yet commenced.
An examination of foetal skulls in which the teratogenic effects of 
indospicine have been produced reveals further developments in many of the 
abnormal processes first manifested at earlier stages of gestation. However, 
the primary palate continues to develop normally and the premaxillary bones,
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the lateral nasal cavities and their contained conchas are qualitatively 
indistinguishable from those of normal control foetuses (Figure 145)* The 
follicles of the vibrissas continue to develop normally and the tongue 
retains perfectly normal relationships to both the primary palate and the 
mandible (Figure 147)*
In the posterior regions of the primary palate the nasal septum has 
fused normally with the palatine structures (Figure 149)J even in this 
region, however, one begins to see evidence of abnormally large thin-walled 
vessels whose presence was first observed in the developing palatine 
shelves on Day 16.
The process of shelf rotation has continued to proceed normally in 
the anterior regions of the secondary palate in all foetuses exposed to 
indoapicine, and although concomitant medial growth has been inhibited, 
the palatine shelves of all test foetuses have adopted the horizontal 
position (Figures 151» 153» 155» 157 a n i 159)* In the posterior regions 
of the palate, however, some (but not all) of the indospicine-exposed 
foetuses manifest incomplete shelf rotation.
Polarity of mesenchymal cells in the unfused shelves has not yet 
commenced, and minimal oytological differentiation of the mesenchymal 
cells has been initiated (Figures 153 and 161). In spite of the failure 
of continued medial growth and shelf fusion the tongue has descended 
normally in the anterior part of the secondary palatine region, a process 
that has occurred concomitantly with shelf rotation (Figures 151 a n i 157)*
As the normal palate has now fusel by this stage of development 
(Day 17) one may speak for the first time of a pathological cleft of the
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secondary palate induced by indospicine. Such a d eft (Figure 151) 
establishes a common nasobuccal communication which rapidly becomes 
progressively wider with each succeeding day of gestation.
The normal process of pre-fusion acantholysis that was observed in 
both the palatine shelves and in the nasal septum of control foetuses also 
occurs normally in the indospicine-exposed foetuses. However, following 
the failure of shelf apposition and fusion, these acantholytic blebs 
become quite large (Figures 15I, 153, 155 and 159)* These very large 
blebs are filled with fluid and occasionally contain amorphous cell debris 
(Figure 153)« The acantholysis occurs only when the shelves and nasal 
septum are in close juxtaposition, and occurs firstly in the epithelium 
covering the nasal septum and subsequently in the palatine shelves several 
hours later.
Medial growth of the unfused shelves has been greatly impeded and 
the widest pathological clefts are present in the anterior parts of the 
secondary palate at this time. This corresponds with the fact that the 
anterior parts of the secondary palate are the last zones to fuse in the 
normally-developing foetus.
Vascular sinusoids remain excessively dilated in the indospicine- 
affeoted shelves (Figure 157) although the exact significance of this 
change is uncertain. The epithelium oovering the unfused shelves is of 
normal form on its buccal surface (i.e. stratified squamous in type), 
although that lining the nasopharyngeal aperture is not as well 
differentiated as the obvious respiratory type of epithelium which lines 
the nasopharyngeal canal in control foetuses of the same age. Osteoid
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formation has not yet commenced in the para-palatine condensations of 
osteoblasts.
Several examples of abortive fusion have been observed in the 
posterior regions of the secondary palate in foetuses which have been 
exposed to uranoschitogenic doses of indospicine (Figures 163 » 165 and 
167). In these specimens the palatine shelves have closely approximated 
by Day 17 and the pre-fusion acantholytic blebs have formed normally. The 
epithelium between the shelves has then disintegrated establishing a form 
of ep ith elial continuity (Figures 163 and 165).
In spite of th is , mesenchymal and fibroblastic fusion has not ensued 
and a oystic space thus remains between the two shelves. In addition, 
small collections of disintegrating epith elial c e lls  remain at the s ite  
of this abortive fusion; these are not rapidly resorbed as are those which 
form at the raphe of the normal secondary palate (Figure 165)• This 
abnormal type of sh elf fusion which involves only the epithelium of the 
two apposing shelves was not observed in a ll  foetuses of this age which 
were exposed to the toxin, and in some one part only of the sh elf tip  came 
into physical contact with the contralateral shelf. Higher-magnification 
studies of these regions of the posterior palate reveal the fu ll  range of 
indospicine-induced effects  — failu re of mesodermal penetration, loss of 
fibro blastic d ifferen tiation , loss of c e ll polarity and the presence of 
large dilated vessels in the unfused shelves (Figure 167).
The interpretation of these partially-fused shelves presents several 
d iff ic u ltie s . One interpretation of their presence is  that they represent 
indospicine-induced retardation of fusion only, and that although these
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pathological features axe present on Day 17 nevertheless by Day 21 the 
palate w ill have completely formed, ( i t  w ill be recalled that even with 
a dose of 2.00 mg/gram twenty percent of foetuses have macroscopically 
intact palates on Day 21 -  see page 169). On microscopic examination of 
such cases one would nevertheless expect to find some abnormal changes 
and in fa ct this is  exactly what happens. Por example, reference to 
Figure 42 demonstrates the abnormally-wide inter-pterygoid diameter from 
an indospicine-exposed foetus which did not develop c le ft  palate. 
Cephalometric studies have also revealed abnormal shapes of palates which 
are intact in spite of indospicine exposure on Day 13 of gestation.
An alternative hypothesis to explain the presence of these 
pathologically-fused palatine shelves is  to consider that this ep ith elial 
fusion is  of transient nature only, and that subsequent dehiscence occurs 
with the development of a complete palatine c le f t  by Day 18. Such a 
dehiscenoe of transiently apposed shelves could be explained by tongue 
pressure upwards or by d ifferen tia l growth in the skull base la te r a lly  
compared with the continued medial growth of the palatine shelves. The 
former hypothesis, that of abnormal but defin ite fusion, has been accepted 
as the most lik e ly  pathogenetio mechanism and i t s  ju stifica tio n  is  discussed 
in Part IV of this thesis. In other words, in spite of retarded shelf 
growth, pathological sub-architexture of the shelf, and tenuous shelf 
fusion, i t  is  s t i l l  possible for the palate to be constituted as an intact 
anatomical sheet by Day 21 .
DAY 18.
As the palate of normal eighteen-day old foetuses is  now almost fu lly
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constituted, no further ohanges occur in tissue relationships; rather, 
further development occurs by consolidation of processes already commenced. 
The primary palate is now a strong mass of tissue and the anlage of the 
incisor teeth have appeared. Keratinization of the stratified squamous 
eipthelium lining the roof of the buccal cavity has commenced.
Osteoblastic transformation of mesenchymal cells within the palatine 
shelves has begun, but as yet no osteoid has been formed. Collagen 
continues to form in both soft and hard palates. In the anterior parts 
of the secondary palate shelf fusion is now complete except in that area 
forming the greater palatine foramen. Anlage of many serous glands has 
appeared throughout the soft palate. High-magnification studies of these 
reveal extremely active mitosis.
In the indospicine affected skulls the palatine shelves have not 
manifested any further medial growth and polarity of the shelf cells is 
still absent. The acantholytic blebs which covered the tips of the 
palatine shelves and nasal septum have largely disappeared; in some places 
the covering of the shelves at these sites has become a structureless 
condensation of amorphous material. The tongue remains reasonably high in 
the posterior parts of the cleft and the cleft width is gradually widening. 
DAY 19.
The control foetuses are now quite large (weighing approximately 
2.3 grams) and the primary palate is qualitatively indistinguishable from 
its definitive form. The dental anlage is well developed.
Further differentiation and consolidation occurs in the now well- 
formed secondary palate. Polarity of the connective tissue cells of the
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shelves i s  now complete and collagen formation and fibrocytic transforma­
tion is  a prominent feature (Figure 175)» Osteoid has been formed at the 
s i te s  of the palatine components of the d efin itive  maxillary and palatine 
bones (Figures 171» 1S1 and 185); ca lc ifica tio n  of th is osteoid has not 
occurred in the palate i t s e l f  although the para-palatine components of 
the maxillae and palatine bones are now ca lc ified .
The process of intra-membranous o ssifica tio n  within the fused palatine 
shelves highlights the fibrocytic raphe between the two la te ra l sh elf 
elements in the palate (Figure 173)* Keratinization of the buccal 
epithelium i s  now prominent (Figure 173) although ep ith elia l d ifferen tiation  
towards the c ilia te d  columnar form of respiratory epithelium has not yet 
commenced on the superior aspect of the palatine raphe. No evidence of 
any ep ith e lia l elements can be seen in the raphe by th is la te  stage of 
development (Figure 183).
The nasopharyngeal canal has formed i t s  defin itive  shape by Day 19 ” 
that of a flattened tube anteriorly and in the mid-palatine regions 
(Figure 181), and posteriorly  has formed i t s  ch aracteristic  triangular 
shape on cross-section  (Figure 191)• Sections through the mid-palatal 
zones reveal well-developed molar aniage (Figure 177)*
The basisphenoid bone, the pterygoid processes and the pterygoid 
bones are now fu lly  represented and form a r ig id  support for the posterior 
one-quarter of the palate (Figures 187, 191 and. 192). Well-developed 
serous glands are a prominent feature of the sub-epidermal palatine 
tissu es and are most prominent in the so ft  palate (Figures 187» 189 and 
191) . These acinar glands are developing rapidly and active m itosis
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remains a feature of their histology (Figure 190).
Examination of foetal skulls with indospicine-induced cleft palates 
shows continued developments of the teratogenic processes observed in 
younger foetuses. In spite of wide clefts of the secondary palate, 
however, the primary palate, premaxillae, lateral nasal cavities and 
incisural aniage remain quite normal (Figures I69 and I70).
Behind the primary palate the rudimentary palatine shelves are more 
widely separated than at the Day 18 stage and no evidence of intra- 
membranous osteoblastic transformation (let alone osteoid formation) or 
of cell polarity has been observed (Figures 172, 174 and 176)* Enlarged 
and dilated vasoular channels are prominent in all regions (Figures 174» 
176, 188 and 194)*
The epithelium covering the shelves at the site where acantholytic 
blebs formed on Day 17 is now grossly abnormal and in many zones is 
completely absent as a covering for the mesodermal tissues of the shelf 
(Figure 182). Often at these sites the shelf is covered by small 
irregularly-ballooned mamraillations of structureless membrane. These 
appearances almost certainly result from loss of viability of the 
epithelium stripped from the mesodermal tissues at the time of acantholytic 
bleb formation. It will be reoalled that this occurred at the expected 
time of shelf fusion (Day 17)*
Mesenchymal cells within the palatine shelves still remain relatively 
undifferentiated (Figure 176). However, the processes of ossification 
continue in those parts of the bones of the region not involved in the 
skeleton of the hard palate itself. In these extra-palatine parts of the
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maxillae and palatine bones decreased osteoblastic density and reduced 
calcification is nevertheless present (Figure 186). The seams of 
calcified osteoid are very thin and tenuous in these bones. This supports 
the findings observed in the study of the dissected and isolated bones of 
the region (see page 182 et seq.). Nevertheless ossification is still 
occurring in these para-palatine regions, and this contrasts markedly with 
the complete failure of bony transformation seen especially in the 
posterior regions of the hard palate (Figures 180, 182 and 184).
Molar anlage has developed normally in all specimens with indospicine- 
induced clefts of the secondary palate (Figures 178 and 179)» The dental 
lamina, dental papilla, stellate reticulum and odontoblastic zones are 
clearly recognizable at this stage.
The tongue remains high in the region of the posterior palatine 
shelves and has not completely descended to the same degree as that observed 
in the control foetuses. In this region the pterygoid processes are very 
poorly developed and are splayed widely apart (Figures 193 and 194)* The 
shelves of the posterior palatine region are quite rudimentary and the 
cells of which they are composed are still relatively undifferentiated and 
polarization has not commenced. The pterygoid bones have just commenced 
to develop but the serous palatine glands which should be such a prominent 
feature of the posterior palate are quite absent in the unfused shelves 
from indospicine-treated foetuses (Figure 194)»
DAY 20.
The fully-developed primary palate of a control foetus is shown in 
Figure 195* The anlage of the upper incisors has continued to proliferate
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b u t e ru p tio n  has n o t  y e t  o c c u rre d . The a n t e r i o r  p a la t in e  fo ram in a  a re  
a ls o  f u l ly  d i f f e r e n t i a t e d  by t h i s  s ta g e  (F ig u re  197)*
The h a rd  p a l a te  i s  a co m p le te ly  r i g i d  s t r u c tu r e  (F ig u re  202) and 
a n t e r i o r ly  th e  p a re s  p a la tin o ru m  o f  th e  m a x il la e  a re  w ell o s s i f i e d  and 
th e  vomer i s  i d e n t i f i a b l e  (F ig u re s  200 and 2 0 4 ). C ontinued d i f f e r e n t i a t i o n  
o f r e s p i r a to r y  e p i th e l iu m  l i n i n g  th e  n a s a l  c a v i t i e s  i s  o c c u rr in g  and 
mucous c e l l s  a re  now p rom inen t even in  th e  more i n f e r i o r  zones o f  th e  
n a s a l  c a v i t i e s  (F ig u re  2 0 0 ).
The m olar a n la g e  i s  e n la rg in g  b u t th e s e  t e e th  rem ain  u n e ru p ted  
(F i .gure 2 0 4 ). The su b -ep id e rm a l t i s s u e s  o f  th e  h a rd  p a la te  a re  now 
composed o f  dense c o llag e n o u s  l a y e r s  w ith  com plete p o l a r i ty  o f  f i b r o c y t ic  
c e l l s  (F ig u re  2 1 1 ). Intram em branous o s s i f i c a t i o n  c o n tin u es  and th e  mid­
l in e  raphe  i s  now q u i te  narrow  even in  th e  i n t e r - p a l a t i n e  re g io n s  (F ig u re  
2 13 ) .  S erous g lan d s  in  th e  s o f t  p a la te  have now f u l l y  d eveloped  (F ig u re  
206) b u t  m ito s is  w ith in  them i s  n o t  as p rom inen t a f e a tu r e  as  t h a t  
observed  in  th e  Day 18 and Day 19 c o n tro l  fo e tu s e s .
A lthough no in c lu s io n s  o f  e p i t h e l i a l  c e l l s  and c e l l  d e b r is  have been 
seen  in  th e  su b -ep id e rm a l t i s s u e s  o f  th e  p a la te  a f t e r  Day 17 o f  g e s ta t io n ,  
o c c a s io n a l sm all i n t r a - ep id erm al k e r a t in  " p e a r ls "  have been o b se rv ed , and 
one i s  fo rc e d  to  th e  c o n c lu s io n  t h a t  in  th e  ep id erm is (n o t th e  su b- 
ep iderm al t i s s u e s )  th e y  a re  a  norm al phenomenon (F ig u re s  206 and 212 ).
Twenty-day o ld  fo e tu s e s  w ith  in d o sp ic in e - in d u c e d  c l e f t  p a la te  do n o t 
show any unex p ec ted  changes when compared w ith  t h e i r  e a r l i e r  developm ental 
m odels. The p rim ary  p a l a t e ,  n a s a l  c a v i t i e s ,  n a s a l  conchae and in c i s o r s  
have a l l  c o n tin u e d  to  grow n o rm ally  (F ig u re  I 96) .  The p rim ary  p a l a te  i s
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covered on i t s  buccal su rface  w ith  normal s t r a t i f i e d  squamous ep ithelium  
whose component c e l l s  m an ifest normal p o la r i ty  and a normal amount o f 
b a s a l- c e l l  a c t iv i ty .  Sub-epiderm al f ib ro u s  t i s s u e  i s  a lso  normal (F igure 
198). The p o s te r io r  p o rtio n  o f th e  prim ary p a la te  i s  normal (F igure  199) 
and the  p o s te r io r  nares remain a t  a development stage  equ iv a len t to  those 
o f a s ix teen -d ay  o ld  c o n tro l fo e tu s .
No fu r th e r  development o f the  pares palatinorum  of the m axillae  has 
taken p lac e . O ccasionally , evidence o f th e  aca n th o ly tic  changes are  
s t i l l  seen e s p e c ia l ly  in  those  reg ions o f the unfused shelves th a t  
approximate to  th e  n a sa l septum (F igures 201, 203 and 207)* D ila ted  
v aso u la r channels a re  s t i l l  a prom inent fe a tu re  (F igures 201 and 203).
C e llu la r  d i f f e r e n t i a t io n  i s  now b e la te d ly  occu rrin g  a t  th e  a lv e o la r  
a ttachm ents o f th e  abnormal sh e lv es , bu t th e  c e l l s  a t  the medial e x tre m itie s  
o f th ese  sh elv es a re  s t i l l  rudim entary in  type. These u n d if fe re n tia te d  
c e l l s  a re  condensed to g e th e r  to  form a compact mass. P o la r i ty  i s  s t i l l  
absen t a n te r io r ly  (F igures 201 and 203) b u t in  the  p o s te r io r  reg ions o f 
the shelves the  c e l l s  a re  commencing to  form p a r a l l e l  la y e rs  which are  o f 
c i r c u la r  p a tte rn  on c ro s s -s e c t io n .
S h e lf r o ta t io n  in  th e  p o s te r io r  p a r ts  o f  th e  p a la t in e  reg ion  now 
develops an unusuel form. Whereas up to  th is  s tag e  o f development the 
sh e lv es had m edially  ro ta te d  com pletely to  the h o riz o n ta l p o s it io n , they 
now commence to  show evidence o f d e ro ta tio n  (F igures 205 and 208). The 
sharp ju n c tio n a l p o in t between the  s t r a t i f i e d  squamous ep ithe lium  o f the  
buccal su rface  o f th e  s h e lf  and the  f la t te n e d  la y e r  o f rudim entary 
ep ith e liu m  th a t  would have l in e d  the nasopharyngeal canal now a c ts  as a
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valuable indicator for the amount of derotation of the shelf.
This indicator and its use as an index of derotation can be seen in 
Figures 208, 209 and 210. Occurring concomitantly with this process of 
derotation is the phenomenon of outward splaying of the pterygoid processes 
and pterygoid bones. It will be recalled that this effect was also 
observed in studies of the isolated basisphenoid bone (see page 187).
The pterygoid bones themselves are now developing and can be seen as 
a mass of cartilaginous cells on top of the intramembranously developing 
pterygoid processes (Figure 207)» Molar development continues normally 
(Figure 205).
Higher-magnification studies of the derotated posterior regions of 
the rudimentary shelves reveal that the mesenchymal cells have finally 
undergone some differentiation into osteoblastic and fibroblastic cells 
(Figure 210). The fibroblastic cells have adopted the circular "whirlpool" 
or radial polarity observed in the mid-palatine regions (Figures 209 and 
210). For the first time lamellae of bone extend into the palatine shelves 
and calcification has started to ocour (Figure 208). Palatine glands, 
however, have not been observed in any of the rudimentary shelves (Figure 
207).
Morphological Development of Cleft Palate in Other Strains of Rattus.
The development of cleft palate in the Wistar strain of Rattus 
norvegicus and in the London Black strain of Rattus rattus has followed 
morphopathogenetic sequences identical to those observed in the Sprague- 
Dawley strain of Rattus norvegicus. Examples of indospicine-induced
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cleft palates from London Black foetuses are shown in Figures 214 and 215* 
In all foetuses examined the primary palate has remained unaffected by 
the toxin, and the loss of cellular polarity, failure of medial growth 
and prominence of vascular sinusoids can be clearly seen.
Summary.
The morphopathogenetio sequences leading to the formation of 
indospicine-induced cleft palate are described. These are here summarized 
in tabular form in Table XI.
Day
of
Gestation
Control Foetus Indospicine-exposed Foetus
12 Partial fusion of premaxil­
lary and maxillary processes 
to constitute primary pedate. 
Mandibular processes well- 
developed laterally.
-
13 Nasal cavities formed. 
Mandibular processes fused. 
Palatine shelves commence 
to grow from roof of 
stomatodaeum.
Uranoschitogenic dose of 
indospicine administered.
14 Increased development of palatine shelves which hang 
vertically in the stomato­
daeum. Tongue develops.
Primary palate has developed 
normally. Nasal cavities 
normal. Formation of blebs 
at surface of palatine shelf 
buds.
15 Rapid growth in palatine shelves. First appearance 
of cellular polarization 
which commences posteriorly. 
Fibroblastic differentiation 
of mesenchymal shelf cells. 
Shelf rotation commences 
anteriorly. Nasal conchae 
develop.
Blebs disappear. Irregularity 
of epithelium covering pala­
tine shelves. Skull small in 
size. Poor mesenchymal 
differentiation. No polarity 
of shelf cells. Distortion 
of shelf outline. Vessels 
of shelf become unduly 
prominent. Anterior shelf 
rotation proceeds normally.
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Day
of
G estation
C ontrol Foetus Indo sp io  in e -expi os ed. Foetu 8
16 Tongue descends. P eriod  
o f r e l a t iv e  quiesence in  
development o f p a la t in e  
sh e lv es . No fu r th e r  s h e lf  
r o ta t io n .  Increased  
c e l lu la r  d i f f e r e n t i a t io n  
and development of 
p o la r i ty .  E pithelium  
covering  p a la t in e  shelves 
d i f f e r e n t i a t e s .
Poor s h e lf  development. No 
c e l lu la r  d i f f e r e n t i a t io n .  
Increased  pleomorphism of 
s h e lf  c e l l s .  No c e l lu la r  
p o la r i ty .  S inuso idal 
v e sse ls  remain prom inent.
17 Completion o f s h e lf  r o ta t io n .  Descent of 
tongue. Medial growth of 
sh e lv es . P re -fu s io n  
a c a n th o ly tic  changes in  
ep ith e liu m  o f n asa l 
septum and sh e lv es . 
P o la r iz a t io n  com plete. 
O steoid form ation in  
bodies o f  m axillae  and 
p a la tin e  bones.
Normal s h e lf  r o ta t io n .  
Descent o f  tongue. In h ib i­
tio n  of m edial growth of 
sh e lv es . Lack o f fu sio n . 
Normal a c a n th o ly tic  changes. 
No p o la r iz a tio n  o f sh e lf  
c e l l s .  No o s teo id  produc­
tio n  in  bod ies o f m axillae  
and p a la tin e  bones.
18 C onso lidation  o f p a la te . 
In c is o r  anlage develops. 
D if f e re n t ia t io n  o f o s teo ­
b la s t s  in  p a la tin e  
sh e lv es . Serous glands 
commence to  develop in  
s o f t  p a la te .
The unfused p a la tin e  
shelves commence to  move 
a p a r t  due to  d i f f e r e n t i a l  
growth in  the  sk u ll base; 
c l e f t  w idens.
19 O steoid forms in  hard p a la te .  Basisphenoid and 
p te ry g o id  complexes f u l ly  
developed. Serous glands 
prom inent in  s o f t  p a la te . 
Molars developing.
Poor mesenchymal d i f fe re n ­
t i a t io n  in  sh e lv es . No c e l l  
p o la r i ty .  No serous g lands. 
No s h e lf  o s te o b la s ts .  
Enlarged s in u so id s  a re  
prom inent. Molars 
developing norm ally .
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Day
o f
G estation
Control Foetus Indosp icine-exposed  Foetus
20 Complete d if fe r e n t ia t io n  
o f re sp ira to ry  epithelium  
in nasopharyngeal can al. 
C a lc if ic a t io n  o f o steo id  
in the hard p a la te .
O ste o b la stic  transform ation  
and c a lc i f i c a t io n  appear in 
the rudimentary sh e lves fo r  
the f i r s t  tim e. S h e lf  
f ib r o b la s t s  adopt c ir c u la r  
p o la r ity . D erotation  o f 
p o s te r io r  p a r t s  o f  unfused 
sh e lv e s .
TABLE XI Table summarizing the p r in c ip le  s ta g e s  o f
p a la tin e  development in  the normal contro l 
fo e tu s o f Rattu s n orvegicus. The corresponding 
te rato gen ic  e f fe c t s  o f  indosp icin e on th is  
p a la tin e  development are shown fo r  comparison.
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CHAPTER 12.
L a te ra l Cephalometry.
The m orphological and morphopathogenic s tu d ie s  o f in dosp ic ine- 
induced c l e f t  p a la te  which were d esc rib ed  in  Chapters $, 10, and 11 gave 
very l i t t l e  in form ation  concerning the  r e la t io n s h ip s ,  in  the s a g i t t a l  
p lane , o f th e  bones th a t  comprise the  f o e ta l  p a la te . As the  co n fig u ra tio n  
o f the p a la t in e  curve i s  o f  such fundam ental im portance in  th e  study o f 
p a la tin e  pathology i t  was considered  n ecessary  to  su b je c t the  sk u lls  o f  
both c o n tro l and in d o sp ic in e -a ffe c te d  anim als to  l a t e r a l  rad iography and 
exhaustive  cephalom etric  a n a ly s is . This was undertaken u sing  the  
techniques described  on pages 157 and 158*
In th ese  s tu d ie s  th i r ty  v irg in  does were time-mated and seg regated  
according to  the s tand ard  methods desc rib ed  in  P a r t  Two of th is  th e s is .  
F if te en  does were accorded to  each o f the "o o n tro l"  and " t e s t ” groups.
On Day 13 o f g e s ta tio n  each t e s t  animal was given an o ra l dose o f 1.00 
mg/gram o f in d o sp ic in e  and the fo e tu se s  su b jec ted  to  l a t e r a l  radiography 
a f t e r  exam ination on Day 21. C ontrol anim als were tr e a te d  in  an id e n t ic a l  
manner except th a t  a "co n tro l"  so lu tio n  was s u b s ti tu te d  fo r  the  
in d o sp ic in e  so lu tio n .
Table XII shows the  o v e ra ll r e s u l t s  o f  th i s  experim ent. I t  w il l  be 
noted th a t  only ten  "co n tro l"  does and fo u rteen  " te s t"  does had borne 
v iab le  fo e tu se s  by Day 21 o f g e s ta tio n .
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GROUP
No. of 
maternal 
does
No. of 
foetuses
No. of foetuses 
with
c le ft  palate
TEST 14 131 61
CONTROLS 10 101 0
TOTALS 2 4 232 -
TABLE XII Table showing the e ffec ts  of
indospioine treatment in radiographic 
and cephalometric studies of c le ft  
palate. 1.00 mg/g. administered on 
Day 13 of gestation.
The 232 foetuses obtained from th is experiment were each X-rayed 
and subsequent la te ra l  cephalometric studies performed.
Qualitative examination of the la te ra l radiographs of foetal sku lls 
with indospioine-induced c le ft  palate showed a constantly-recurring 
characteristic  pattern. These qualitative  changes could be resolved 
into a five-featured syndrome. F ir stly , the sku lls were smaller than 
those of the control se r ie s ; secondly, increased radiotranslucency of 
the skull bones was universally present (Figures 11 and 12). The basi- 
occiput showed increased ventral convexity, a feature which transformed 
the smooth aro of the basi-cran ial axis into a characteristic  sigmoid 
curve (Figure 12). F inally , the maxillary bones showed invariable 
teratogenic d istortion  and, in some foetuses, a ir  was present in the 
vault common to the naso-buccal cavity.
I t  was thus apparent that the lesion  of indospicine-induoed c le ft
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palate was associated, with significant distortion of the entire skull 
base and that further quantitative studies were required to establish 
the nature of this distortion. For example, it appeared that the ourve 
of the palatal arch was made much more acute (i.e. of disproportionately 
smaller radius) at its apogee, but whether or not this feature was simply 
a manifestation of a reduced skull size required clarification, (if the 
chord cutting a circle is considered to be fixed at one point on the 
circumference, reduction in chord length is accompanied by an elevation 
in the focus of the new arc cut by that chord, if the aro length remains 
constant).
The various measurements applicable to the inter-relationships of 
the five bones that comprise the basi-cranial axis are shown in Figure 13. 
The positions of these five bones (and hence the bones themselves) were 
expressed mathematically in terms of these measurements using a system of 
rectangular Cartesian co-ordinates in which the mid-basioccipital point 
formed the origin and the basioccipital-premaxillary line formed the 
abscissa.
The mid-point of the basi-occiput was chosen as the origin in this 
co-ordinate system because:
(i) of all the bones of the basi-cranial axis it is furthest from 
sites of maximal palatine damagej
(ii) it is a relatively dense bone radiographically and has 
relatively clearly-defined edges. Error in plotting its 
geometric centre is thus reduced to a minimum;
(iii) it was relatively unaffected itself by the teratogenic
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effects  o f indospicine; and
(iv ) by taking this point as the origin and the BI axis (see
Figure 13 ) as abscissa, a ll co-ordinates o f  the other bones 
possessed positive signs.
The basioccipital-prem axillary line (Bl) was chosen as the abscissa 
o f the co-ordinate system becauses
( i )  o f a ll the lateral cephalometric measurements i t  was the 
longest numerically, and measurement error o f this parameter 
was thus relatively  least;
( i i )  a ll the ordinates o f the palatine bones were thus o f positive 
sign; and
( i i i )  this line did not, in any specimen, pass through the bodies 
o f the basisphenoid, palatine or maxillary bones.
This chord (Bl) o f the basicranial axis was chosen as the basic 
measurement o f skull size as differences in shape o f the other three 
bones o f the basicranial axis (basisphenoid, palatine and maxillary bones) 
would not a ffect its  length; i t  w ill be recalled that the qualitative 
studies o f indospicine-induced skeletal changes had shown that i t  was 
the basisphenoid, palatine and maxillary bones whose shape had been 
maximally distorted (Page 182 et seq .).
Of fundamental importance in the study o f pathogenetic mechanisms 
is  the question o f whether or not the various cephalometric indices o f 
the palatine bones are altered in indospicine-exposed foetuses which do 
not manifest overt c le f t  palate. To study this question, the toxin- 
exposed series o f foetuses was subdivided into two groups -  " c le f t ” and
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•’non-cleft" foetuses. The cephalometric analysis was therefore performed 
on three quite distinct groups*
Group •Çype Number IdentificationCode
Group I Controls 101 C
Group II Cleft Palate 61 U (for "uranoschisis")
Group III Non-cleft
(but toxin-exposed)
70 N (for "non-cleft")
Analysis of the Basiocciiiital-Preroaxillary Line.
An analysis of variance performed on the BI values from the 101 
control foetuses (hereafter identified as BIc ) showed that a "litter 
effect" was present among the ten litters involved, and that the BIc
measurements were not homogeneously distributed with respect to the whole 
control sample.
*9, 91 " 2’112 ’
and 0.05 >  P >  0.01.
For this reason, the 101 BI measurements could not be treatedc
mathematically as a singLe unit ignoring the effect of "litter" on the 
BI length.
Similarly, an analysis of variance performed on the BI measurements 
of the two indospioine-exposed groups (both "cleft" and "non-cleft") 
showed that very significant differences among individual litters were 
present within each group:
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Group II ( o le f t ) ; F.- » 22.20? P <  0.001,4f
and Group III  (n on -cle ft); F 0 = 21.43? P <  0.001.
This marked difference ajnong l it t e r s  with respect to the e ffe ct  o f 
indospicine on the basioccipital-prem axillary distance was not surprising, 
as earlier dose-response studies had also shown that some lit te r s  were 
more susceptible than others to the uranoschitogenic e ffects  o f the toxin. 
What causes this individual variation among lit te r s  is another question -  
i t  is almost certainly the maternal genotype as i t  w ill be demonstrated 
in a subsequent chapter that the e ffeo t o f paternal genotype can be 
discounted as a variable.
The mean values o f the BI diameters within the three experimental 
groups are shown in Table XIII.
GROUP No. o f Litters
No. o f 
Foetuses
Mean BI distance 
(actual measurements 
o f enlarged radiographs)
Controls ( i ) 10 101 169-80
Cleft (I I ) 14 61 143-34
Non-cleft ( i l l ) 13 70 151 • 69
TABLE XIII Mean basioccipital-prem axillary distances o f
control and indospicine-exposed foetuses. The 
measurements cited  are in units read from the 
projected and enlarged radiographs. Actual 
measurements (in mm) are obtained by dividing 
these by a factor o f  12. (Enlargement X6 and 
basic unit o f measurement 0.5 mm).
Because o f the non-homogeneity arising from l i t t e r  differences within 
the three experimental groups a simple analysis o f variance could not be
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used to compare the BI diameters of the three groups. The method of 
analysis used was one applicable to hierarchical classification i.e. 
Satterthwaite's Method (Duncan, 1959)» as set out, for example in text­
books on experimental design (e.g. Federer, 1955)* Using this method, 
appropriate adjustments for unequal litter sizes were also made, and 
"F" and "t" tests performed. A summary of this analysis is shown in 
Table XIV.
Source of Variation
DegreesofFreedom
Sura of Squares MeanSquare
Mean square adjusted for litter size
F
Among groups 2 29,897 14,948-5 12,296.1 54-5
Among litters within groups 34 7,670 2 2 5 .6 2 2 5 .6 10.2
Within litters 195 4,304 2 2.O7 - -
TOTALS 231 41,871 - - -
TABLE XIV Summary of analysis (hierarchical model) used
to test differences in BI measurements between 
control foetuses and those exposed to indospicine.
It can be seen that hi^ily significant differences are present between
the three experimental groups as
F0 *= 5 4 . 5  and P <  0.001.
<->
(This analysis also confirmed the highly significant differences among
litters within the three groups, as F. « 10.2, and P<0.001).34, 195
Next it was important to determine whether the two toxin-exposed 
groups differed significantly i.e. it was necessary to compare the BI 
measurements of the "cleft" and "non-cleft" foetuses. As above, a simple
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t-test could not be used for this analysis because of significant litter
differences imparting non-homogeneity to the two sample groups. A modified 
t-test, based on the above analysis of variance, was performed in which 
appropriate adjustments for differences in litter size were also made.
Prom this analysis
t„nt. * 2.88 and P <0.01.195
Thus one is able to state unequivocally that indospicine causes 
significant reduction in the length of the chord (basioccipital-premaxillary 
distance) which forms the base of the palatine arch, even if cleft calate 
is not produced. In those foetuses in which indospicine has produced cleft 
palate further significant reduction in the basioccipital-premaxillary 
distance has occurred.
Cephalometric Studies on the Shape of the Basi-cranial Axis.
In order to compare the shapes of the palatine arches in the three 
experimental groups it was first necessary to make some adjustment for the 
significant differences in skull size observed within the three groups.
In order to do this the measured co-ordinates of the palatine bones of 
each of the 232 foetuses were adjusted for the individual skull size of 
the foetus. Both co-ordinates of each of the five bones comprising the 
basi-cranial axis were divided by the length of the BI chord to this axis. 
Thus a new set of "standardized” oo-ordinates was obtained in which the 
co-ordinates of B (see Figure 13) were invariably 0, 0 (the origin) and 
those of I (the mid-premaxillary point) were always 1,0. In this way 
relative differences in the position of the other three palatine bones 
could be assessed and compared irrespective of skull size.
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Reference to Figures 11, 12 and 13 shows that the shape of the basi­
cranial axis is a relatively smooth curve of roughly parabolic form. 
Accordingly, it was hoped to formulate a representative equation to this 
curve for each individual within eaoh of the three experimental groups 
and following this, to test for homogeneity of the entire sample (232 
foetuses) to determine whether or not the palatine curves were of 
significantly different shape.
By inspection of the forni of the basi-cranial axes a possible equation
would be that of a parabola
. 2 ,4 a y = x - h x  ,
where (h,k) are the co-ordinates of the vertex and a is the focus. It 
was possible to estimate "a" for the individuals of the three groups as 
PP* formed a measurement of k and 2 h ■ BI, but the assessment of variance 
of the estimators proved to be impracticable. In view of this, and of the 
loose assumption necessary that the basi-cranial axes from all three 
groups are of parabolic shape, it was decided that the results from such 
an analysis could not be accepted. In other words, a "value judgement" 
would be needed and this was considered unjustifiable by the author in 
this context.
Therefore, it was decided to study the shape of the basi-cranial 
axis by comparing the positions of individual bones relative to one 
another, and to look for differences in such relationships among the three 
groups. All subsequent comparisons have been performed on "size- 
standardized" co-ordinates.
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Analysis of "X" Co-ordinates.
In a pilot analysis it was shown that the position of the palatine
boné itself (and hence BP1) was probably the most significant feature of
the palatal arch. Subsequently, using the "standardized" values of BP*
(coded as BP1), a multivariate analysis of variance wan conducted within s
the control group of ten litters. It was demonstrated that the 101
foetuses from these litters now comprised a homogeneous population and
that the "litter effect" had disappeared (Fq _ = 0.43 and P>0.05).
A similar analysis showed that litter effeot was no longer significant
within the other two indospicine-exposed groups when one had corrected
for differences in individual skull size.
Next, in the computor, the various relationships (measured along the
X-axis) of the basisphenoid, palatine and maxillary bones of foetuses
from the control group were studied by testing for correlation between
all combinations of BS1 , BP' , and BM1 . It was found that, ins c s c s c
the control group, significant correlations existed between BS1 and■ g Q
BP1 , and also between BP* and BM' .s c  s c  s c
For BS1 and HP1 , r ■ .2644 (99 degrees of freedom)S C  s c
and P C  0.01 .
For BP1 and BM* , r ■ .5121 (99 degrees of freedom)S C  s c
and P C  0.001 .
This result confirmed the relative importance of the palatine bone 
itself, and showed that variations in its position were linked with 
corresponding changes in position of both the basisphenoid and the maxilla. 
No significant correlation could be demonstrated between the relative
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positions (along the X-axis) o f the basisjjhenoid and the maxilla.
For BS' and BM' , r  = O.O707 (99 degrees o f freedom)S C  s c
and P ;> 0.10 .
In the group o f foetuses exposed to indospicine but which did not 
develop overt c le f t  palate, this same pattem o f correlations was observed.
For BS' s n and BP1 ,s n r = .3188 5 P <  0.01 (68 degrees o f freedom).
For BP' s n and bm' ,s n r *= .3607 ; P <  0.01 .
For BS' s n and BM* , s n r = •2131 5 0 .0 5 <  P <  0.10  .
However, in Group II  (foetuses with indospicine-induced c le ft  palate)
only the BS' s u sBP^  correlation was sign ificant.
For BS' s u and BP' ,s u 7 r c •3665 ; P C 0 .0 1  (59 degrees o f freedom).
For bp's u and bm' ,s u r = .1782 ; P > 0 .1 0  .
For BS's u and bm' ,s u ’ r ■ .0875 5 P > 0 .1 0  .
That is ,  in foetuses with c le ft  palate changes in the position o f 
the palatine bone are s t i l l  associated with changes in the position o f the 
basisphenoid, but are now independent o f the maxillary position . One 
interpretation o f this phenomenon (not the only interpretation) is  that 
indospicine has so affected the maxilla that during development i t  has 
"escaped" from the influence o f the palatine bone i t s e l f ,  or from an 
influence that normally modifies that position o f both. Alternatively, 
the developing palatine bone might have escaped from the modifying influence 
o f the maxillary anlage. However, i t  must be emphasized that such causal 
interpretations are speculative only, as this data taken in isolation  
reveals a s ta tis tica l association only, and not necessarily a causal one.
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Next, it was decided to investigate whether or not the three groups
of foetuses could be segregated in terms of relative positional changes
(along the X-axis) of the three key bones of the palatal arch. To do this,
the sets of the three X-values of each foetus (i.e. BS1, BP1 and BM*)' s s s '
were subjected to "canonical analysis", and were replaced by a two- 
dimensional system of values (X^ and X^), where each 1-value was a 
linear combination of the three X-values. The new system had three main 
properties:
(i) It accounted for praotically all the variation among individuals 
observed in the original three-dimensional X-system,
(ii) of all such possible two-dimensional systems the one selected 
gave the maximum separation of the three experimental groups 
(i.e. maximized the "among groups" sums of squares), and
(iii) the new )t-variables had unit standard deviations (i.e. s = 1). 
The elements of this transformation are shown in Table XV below.
Canonical 70.673 - 25.978 13 .2 7 5
Variables 9.965 19.833 25.791
Group Mean Values
BS* BP' BM*s s s
I (controls) .26643 •47283 .76034
II (cleft) .27312 .47515 .76815
III (non-cleft) .26707 •48523 .76877
TABLE XV Data used for the transformation of
X-values of the basisphenoid, palatine
*  *bone and maxilla into X^ and X^ values, 
using appropriate canonical variables.
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The c o -o rd in a te s  o f  the new tw o-dim ensional system  used to  
exp ress the l i n e a r  com bination o f  the X -va lu e s are formed thus* 
= 70.673 X BS' —  25.978 x Bp ' + 13.275 X
I 9 S
and JL * 9.965 X BS' + 19-833 x  BP1 + 25.791 x
c  8 6
These new c o -o rd in a te s  are  shown in  Table XVI.
GROUP MEAN VALUES N 1.645
*
X1 *2 N
I 16.638 31.641 101 O.I636
II 17.154 31.959 61 O.2IO6
III 16.478 32.113 70 O.I966
TABLE XVI D ata o b tain ed  by u s in g  ca n o n ica l 
v a r ia b le s  to  t e s t  fo r  d is c r im i­
n a tio n  o f  l i n e a r  fu n c tio n s  o f  
X -va lu es among the th re e  e x p e r i­
m ental groups.
Thus i t  i s  p o s s ib le  to  see  w hether th e  th re e  groups o f  fo e tu s e s  can 
be d isc r im in a te d  by th is  e x p re ssio n  o f  th e  r e la t i v e  p o s it io n s  ( in  th e  
X -a x is )  o f  the bones o f  the p a la te .  T his t e s t  fo r  d is c r im in a tio n  can be 
perform ed most c o n v e n ie n tly  u s in g  p i c t o r i a l  geom etry by p lo t t i n g  the 
mean ^  and v a lu e s  o f  each group as a p o in t and by surroun d in g i t  w ith  
a c i r c l e  r e p re s e n tin g  the "90 p ercen t co n fid e n ce  zo n e". T his i s  done by 
u s in g  a ra d iu s  o f  le n g th  1 . 645 s
N
However, the tran sfo rm atio n  p ro ce ss  was chosen such th a t  the new 
5- v a r ia b le s  had u n it  standard  d e v ia t io n . The r a d i i  o f  th e  c i r c l e s  
r e p r e s e n tin g  the 90 p e rcen t co n fid en ce  zones th e r e fo r e  have le n g th s  o f
bm' ,
s
bm' .s
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1.645
N
and these axe shown in Table XVI.
It must be remembered that this new geometrical representation of 
the mean ^  and Sg -values has no significance with respect to the actual 
shape of the palatine archi but serves to test for discrimination between 
the three groups. The criterion for discriminating between the three 
experimental groups is that the circles representing the 90 percent 
confidence zones surrounding the new group means do not interseot.
Table XVII shows the pictorial representation of this discriminating 
prooess.
32.2
32.0
31 -8
31 .6
31.4
16.0 16.2 16.4 16.6 16.8 17.0 17.2 17*4
TA3LE XVII Graphical demonstration of complete discrimination 
of the linear functions of the X-values among the 
three experimental groups - controls (i), 
clefts (il), and indospicine-exposed but non­
cleft (III).
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It can tie seen that as the three circles do not intersect and the
criterion for discrimination is satisfied, the three experimental groups 
are quite distinct with respect to the relative positions of the bones of 
the palate considered solely in their relationships along the basioccipital- 
premaxillary axis. An alternative form of discrimination between the three 
groups is to apply the appropriate chi-square test; this showed that for 
both and ^  significant group differences existed»
Co-ordinates Degrees of 
Freedomfrom canomical Chi-square Panalysis
25.377 6 P <  0 .0 0 1
*2 9 .5 6 1 2 P <  0 .0 1
TABLE XVIII Discrimination of three experimental groups 
by use of the chi-squared test applied to 
combined linear expressions of the X-axis 
of the bones of the palate.
Finally, it is important to inspect the form of the equations by 
which and were calculated. To recapitulate, these are of the form:
- (70.673 X sBS') -(25.978 X aBP') +(13.275 X SBM'),
and L  - ( 9.9655 X BS1) -+(19.833 x HP') +(25-791 x BM1).
c. 8 S S
Note that the sigas of the component terms in the ^-equation are of the 
form: plus, minus, plus. This is a reflection of the asymmetry of the
BP*, that is the horizontal position of the palatine bone in relation to s
the positions of the basisphenoid and maxilla. The signs of the 5^-equation 
(of less importance than X^) are of the form: plus, plus, plus. They
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thus reflect transitions of the whole linear function of BS*, BP1 ands s
i
BM towards the basiocciput on the premaxilla and do not imply any s
particular significance with respect to the relative position of the 
palatine bone itself.
Analysis of "Y11 Co-ordinates.
In this study, the first step undertaken was standardization of all
"Y" co-ordinates of eaoh bone of the foetal palate for every foetus in
the three experimental groups. This was done by dividing the s's, p 'p
and M*M co-ordinates of each bone by the corresponding BI distance for
that particular foetus, thus allowing meaningful comparisons of shape to
be performed. The standardized values are coded as s's, p 'p and m'ms s  s
respectively.
Next, standardized "Y-values" of the bones of the palate within each
of the three experimental groups were subjected to multivariate analysis,
and it was demonstrated that, contrary to the BP* measurements, significants
differences still existed between litters within the control group 
(F9> 91 - 9-39 and P <  0.001).
Por this reason the p 'p measurements of the foetuses in the threes
groups oould not be subjected to a simple analysis of variance to test 
for discrimination among the groups. However, an analysis based on the 
hierarchical classification used in studying the ’’X-values" of the palatine 
bones again showed that significant differences existed among the groups, 
and that the two toxin-exposed groups, also differed significantly with 
respect to the sP'f measurements. The means of the unstandardized P P 
measurements (i.e. mean height of the palatine bone above the basioccipital-
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premaxillary line) are*
Group I  (Controls) J I . I 9 I mm
Group I I  (C lefts ) ; 2.387 mm
Group I I I  (Non-cleft) 1 2.221 mm
Tests for correlation between the various standardized Y-co-ordinates 
o f the bones of the palatine arch revealed that, within each of the three 
groups, a ll such bone positions were significantly correlated.
In the control group.
For S Ss c and p ' p ,s C r - •6534 ; P <  0.001 (99 degrees of freedom).
For
1
S S8 C and M M , s c r
m .2 6 3 5  5 P C  0.01 II II •
For P'Ps c and m'k ,s c r
xs .4402 ; P C  0.001 it H
In the cleft-palate group,
For s ' ss u and p'p ,8 U r
as .5716 5 P C  0.001 (59 degrees of freedom).
For s ' ss u and m' m ,s u r = .5346 ; P C  0.001
II II
For
1
p p s u and m' m ,8 U r - .5643 ; P C  0.001
i i 1» •
In the indospicine-exposed but non-cleft group.
For
1
S S s n and p'p ,s n’ r
s •7333 ; P C  0.001 (68 degrees of freedom).
For s ' ss n and m' m ,s n' r « .6 5 4 1 ; P C  0.001
It II
For
1
P P s n and m' m ,s n r = .5330 ; P C  0.001
II It •
By comparison of the values o f the correlation coefficients of the
various combinations of the X-co-ordinates and of those o f the Y-co-ordinates 
i t  can be seen that the "Y" correlations are nearly twice as strong as the 
"X" correlations. Furthermore, when one considers the various MY" 
correlations alone, i t  can be seen that in each of the three groups the 
correlation between the positions of the basisphenoid and the palatine
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"bone itself is greatest.
In similar fashion to that used for the X-coordinates, it was 
decided to investigate whether or not the three groups of foetuses could
be segregated in terms of a linear function of the p 'f distance; thiss
parameter was chosen as it represented the height of the Hkey" bone in 
the palatine arch, the palatine bone itself.
Using the techniques of canonical analysis described above it was 
shown that the three groups could be completely discriminated with respect
i i ,to the linear functions representing the lengths of SS, P P and M M.S S  S
The relevant details of this analysis are shown in Tables XIX and XX.
Canonical
Variables
- 0.1854 
+ 3 .1 5 3 7
+ 2.8681 
- 2 .6 5 0 5
- 0.0686 
+ 2 .7 1 9 7
GROUP
MEAN VALUES
1
S S s p 'ps M Ms
I (controls)
II (cleft)
III (non-cleft)
I.45OI
1.8 6 9 6
1.8 6 28
1.3 6 3 8
2.2939
2.1457
1.0748
I .4 3 26
1.4 4 0 4
TABLE XIX Data used for the transformation of
Y-values of the basisphenoid, palatine 
bone and maxilla into and values, 
using appropriate canonical variables.
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H
Í*
GROUP
MEAN VALU ES
N
1 . 6 4 5
*
Y 1
*
Y 2
N
I 3 . 5 6 9 0 3 . 8 8 I 5 101 O . I 6 3 6
II 6 .1 3 4 3 3 . 7 1 2 4 61 0 . 2 1 0 6
III 5 .7 0 9 9 4 . I O 5 O 70 O . I 9 6 6
TABLE XX Data obtained by using canonical 
variables to test for discrimi­
nation of linear functions of 
Y-values among the three 
experimental groups.
The criterion for discrimination between the three groups »  that 
the 90 percent confidence circles surrounding the mean values for and
do not intersect —  is fully satisfied, as shown in Table XXI.
TABLE XXI Graphical demonstration of complete discrimination 
of the linear functions of the Y-values among the 
three experimental groups - controls (i), clefts 
(ll), and indospicine-exposed but non-cleft (ill).
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The three groups can be discriminated by the appropriate chi-square
tests as shown in Table XXII.
Co-ordinates Degrees of 
Freedomfrom canonical Chi-square Panalysis
*1 203-47 6 P C  0.001
?2 5 .O5 2 0 . 0 5<  P C  0 .10
TABLE XXII Discrimination of the three experimental 
groups by use of the chi-squared test 
applied to the combined linear expressions 
of the Y-axes of the bones of the palate.
The forms of the equations used to calculate and axe even
more significant with respect to the relative importance of the p 'ps
parameter than were those used to calculate the corresponding and ^
values. These equations have the form:
.1854 X S'S + 2.8681 X P'P - .0686 x m 'm  ,1 s  s s
and ?_ = + 3.1537 x s's - 2.6505 x P'P + 2-7197 x m 'm  .
¿ S S B
Here, the main feature is the dominance of the value by the gP*P
term - that is by the vertical position of the palatine bone itself. 3y
comparison, the S S term is small and the M*M term is negligible. In 
other words, indospicine is associated with significant positional shifts 
of the palatine bone which overshadows in degree any shifts that might 
occur in the other bones of the developing foetal palate. The effect of 
indospicine on the developing foetal palate can be most conveniently seen 
by reference to Figure 308* It can be seen that if the foetal skulls are
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standardized for differences in size (due to both individual variation 
and to the dwarfing effects of indospicine) indospicine causes very 
significant changes in the shape of the palate. The palatine bone is 
displaced vertically with the result that the arch is converted to a 
sharpely-angled vault with the palatine bone at the apogee. It can be 
seen also that the positions of the basisphenoid bones and the maxillae 
are relatively constant in both the indospicine-exposed groups (both 
"cleft" and "non-cleft") but that the palatine bone is further displaced 
vertically in the group with cleft palate. It again must be stressed that 
such a picture does not allow one to interpret this association as a 
causal one; that is, one cannot postulate (from this statistical evidence 
alone) that indospicine causes a shift in the position of the palatine 
bone until a stage is reached when this shift per se causes a midline cleft, 
although this evidence does suggest this strong possibility.
Summary.
Lateral cephalometry has been used to study indospioine-induced changes 
in the foetal palate. The palatine syndrome produced is described 
qualitatively. It has been demonstrated that individual litters show 
significant differences in their response to the uxanoschitogenic effects 
of indospicine. This genetic "litter effeot" has been expressed mathemati­
cally. Indospicine causes significant reduction in the premaxillary - 
basioccipital length even in foetuses which have not developed cleft palate. 
In those with cleft palate this distance is further decreased. The shape 
of the basi-cranial axis has been studied after correction for size
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differences in skulls.
Computor analysis has shown that the palatine bone itself, at the 
apogee of the palatine arch, shows greatest vertical displacement 
following indospicine administration; furthermore, displacement of other 
bones of the palate are associated with displacement of this palatine 
bone in indospicine-exposed but non-cleft palate foetuses. Mathematical 
analysis further showed that indospicine affects the shape of the palatine 
arch even though overt cleft palate may not be produced.
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CHAPTER 13.
Q u a l i ta t iv e  and C ephalom etric  S tu d ie s  o f  th e  Norma B a s a l is .
I t  h as  been d em on stra ted  th a t  in d o s p ic in e  in d u ces te r a to g e n io  e f f e c t s  
in  i s o l a t e d  bones o f  th e  f o e ta l  s k u l l .  As a  c o r o l la r y  to  t h i s  i t  i s  
n e c e ssa ry  to  s tu d y  th e s e  changes in  r e l a t i o n  to  th e  p a la te  as a  whole and 
to  th e  s k u l l  base  as a  com plete e n t i t y .  I t  has been  known f o r  some y e a rs  
th a t  m alfo rm atio n s o f  th e  s k u l l  b ase  a re  a s s o c ia te d  w ith  i s o l a t e d  c l e f t  
p a la te  (Moss, 1956), and f u r th e r  s tu d ie s  o f  t h i s  phenomenon a re  l i k e l y  to  
e lu c id a te  c a u sa l a s s o c ia t io n s .
In  t h i s  s e r i e s  o f experim ents r a t s  were tim e-m ated  and dosed w ith  
in d o sp io in e  acco rd in g  to  th e  te c h n iq u e s  d e s c r ib e d  in  C hap ter 5* The 
numbers o f  r a t s ,  dosage p a t t e r n s  and r e s u l t s  a re  shown in  T ab le  X X III.
Day o f  Dosage
Dose o f 
In d o sp ic in e  
(m g./gram )
No. o f r a t s No. o f F oe tu ses
No. o f  C le f t  
P a la te s
CONTROLS CD. 13) 6 70 0
Day 8 O .5O > 19 0Day 10 1.00 7 66 0Day 12 1.00 7 73 2 ( 2 . 556)
Day 13 1.00 10 90 40 ( 44 . 456)
Day 13 2 .00 6 62 53 ( 8 5 . 556)
Day 14 1.00 8 62 0
Day 16 1.00 5 52 0
TABLE XXIII T able show ing dosage p a t t e r n s  and numbers o f 
fo e tu s e s  u sed  in  cep h a lo m e tric  s tu d ie s  on th e  
ro d e n t norma b a s a l i s .
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The 494 foetuses obtained from these various dosage patterns were 
each treated by clearing and Alizarin Red S staining techniques 
(described on page 154) and. were subjected to qualitative study and 
basal cephalometry. 'The various parameters studied in this investigation 
are enumerated on page 159 and are shown diagrammatically in Figure 15« 
Qualitative Changes.
The two most obvious qualitative changes induced by indospicine 
(irrespective of dosage time) were (a) a generalized reduction in skull 
size and (b) increased porosity of the bones of the foetal skull. 
Examination of the control skulls showed that the anterior and posterior 
palatine foramina could be easily distinguished and that the three 
ossification centres of the sphenoid and occipital complexes were still 
discrete by Day 21 of gestation (Figure 14)« Particular attention was 
given to the region of the craniopharyngeal canal as it has been claimed 
that this structure was present in only 3_5 percent of rodent skulls at 
term (Greene, 1955)* Furthermore, the position of the craniopharyngeal 
canal at the posterior end of the secondary palate made it vulnerable to 
possible teratogenic influence in this region.
In the control series patent craniopharyngeal canals were observed 
in 100 percent of the JO foetuses examined (see Figures 14» 41 and 43)*
Of the sixty-two foetuses exposed to 2.00 mg/gram of indospicine on 
Pay 13, twenty-one (i.e. 32 percent) showed incomplete fusion of the 
two lateral ossification processes shown in Figure 42. In none of the 
343 cleared specimens which had been exposed to indospicine in a dose 
of 1.00 mg/gram was there any evidence of failure of union of the two
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lateral ossification oentres of the basisphenoid.
Qualitative examination of these cleared specimens also confirmed 
the lateral "spreading effect" of indospicine on the pterygoid processes 
and pterygoid bones. This pattern of lateral displacement of the paired 
bones of the secondary palate is demonstrated in Figure 15« This effect 
was quite extreme in the skull bases of foetuses exposed to the highest 
dose of indospicine (2.00 mg/gram) used in this particular experiment.
It thus appeared that the degree of interpterygoid widening was related 
to the dose of indospicine.
Because of the effects of indospicine on the palatine arch 
(irrespective of whether or not cleft palate was produced) particular 
attention was given to the inter-maxillary and inter-palatine distance 
in indospicine-exposed foetuses which had not developed cleft palate.
From Table XXIII it can be seen that of the 152 foetuses which were 
exposed to an uranoschitogenic dose of indospicine on Day 13 of 
gestation, 93 did not develop cleft palate. Examination of these 93 
"non-cleft" foetuses did not reveal any spreading effect on the maxillary 
or palatine bones. The inferior aspeots of the inter-maxillary and inter­
palatine raphes were normal in all respects. However, in gill of these 
"non-cleft" but toxin-exposed foetuses the above-described lateral 
transposition of the pterygoid processes and bones wan present.
Basad Cephalometry.
Because of the obvious qualitative effects of indospicine on the 
pterygoid processes the first cephalometric study undertaken in this 
group of experiments was an analysis of the interpterygoid distance
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(see Figure 15)* The mean values of the interpterygoid distances are 
shown in Table XXIV.
Group Dose No. of Litters
No. of 
Foetuses
Mean Inter- 
pterygoid 
Distance (mm)
CONTROLS - 6 70 O . 7 0 7
"Non-Cleft" 1.00 mg/gra 4 25 O.9OO
Cleft Palate 1.00 mg/gm 8 59 1.121
Cleft Palate 2.00 mg/gm 6 53 1*784
TABLE XXIV Mean interpterygoid distances for foetuses
exposed to an uranoschitogenic dose of 
indospicine on Day 13 of gestation.
Analysis of the interpterygoid distances of the control series showed 
that there existed a significant difference among litters (F^ ^  ■ 4*889 
and P <  0.001). Further statistical analysis showed that this "litter 
effect" was a manifestation of the mean skull size for eaoh litter - 
larger litters tended to have members of slightly smaller size. In the 
control series, there was a significant regression coefficient of the 
interpterygoid distance on the width of the skull (i.e. inter-squamosal 
diameter, see Figure 15). Tests for "parallelism" showed that this 
regression coefficient was common to each of the six litters. It was 
then shown that alter adjusting the litter means of the interpterygoid 
distance for regression on the intersquamosal distance, these litter 
means no longer differed significantly.
Further analysis showed that the litter means for the interpterygoid
257*
distances in the indospioine-exposed "non-cleft" group did not d iffe r  
sign ificantly  (F, q . ■ O.76 and P > 0 .0 5 ) .  However, such differences 
as did exist were further reduced when variations were adjusted for 
regression on the inter-squamosal distance. Thus, i f  the inter-squamosal 
distance is  taken as a covariable, the l i t t e r  e ffe c t  may be igiored in 
making comparisons between the "oontrol" and the "non-cleft" groups. 
Performing an "F" test on the "adjusted sums o f squares for  the 
interpterygoid distances" one obtained
t2 = F » 8.100
t93 «■ 2.846 and P C 0 .0 1 .
Therefore one must conclude that indospioine causes sign ificant 
la teral displacement o f the pterygoid processes even although overt c le ft  
palate may not be produced.
An analysis o f variance performed on the interpterygoid distances of 
each o f the 59 foetuses with indospioine-induced c le ft  palate showed that 
no sign ificant " l i t t e r  e ffe ct"  was operative (F _ = 1.714 and P > 0 .0 5 ) .
11 j  i
It  is  interesting to note that the "spreading e ffe ct"  o f indospioine 
on the interpterygoid distance o f c le ft  palate foetuses acts irrespective 
o f maternal genotype or other factors which normally cause an individual 
" l i t t e r  e ffe c t" .
As the two indospicine-exposed groups each comprise a homogeneous 
population with respect to the inter-pterygoid distance, i t  is  possible 
to test the significance o f the difference between their means (O.90O mm 
for  the "non-cleft" group and 1 . 12 1  mm for the " c le ft  palate" group) by 
a simple t -te s t . This gave
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9.118 and P C  0.001.
Thus it oan be seen that indospicine causes progressive widening of 
the interpteiygoid space and that when this distance reaches a mean of 
1.121 mm it is associated with the manifestation of cleft palate. Of 
oourse, no claim is made that this association is neoessarily causal 
from this isolated finding.
Next it was decided to examine whether or not higher doses of
indospicine caused further significant widening of the interpterygoid
distanoe. An analysis of variance performed on the 53 foetuses with
cleft palate induced by 2.00 mg/gram of indospicine showed again that
there was ns significant difference among litters (P,- „  ■ 3-01 and
j ì Oj
P>0.01.) Thus a t-test was used to test the significance of the 
difference between the mean interpterygoid distanoe of foetuses with 
cleft palate from the two dosage groups (1.00 mg/gram and 2.00 mg/gram). 
This gave
*110 - 1*8°9
and 0.10 > P >  0 .0 5 .
That is, the further widening of the interpterygoid distance is 
barely significant.
Next, it was decided to test the "spreading effect" of indospicine 
on the two pterygoid processes when the toxin was administered on 
various days of gestation at 0, constant uranoschitogenic dose 
(I.OO mg/gram).
Firstly, an analysis of variance was conducted on each of the 
samples exposed to a 1.00 mg/gram dose of indospicine on successive
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days of gestation. This analysis revealed a surprising degree of 
homogeneity within each of the sample groups irrespective of the "litter 
effect" which was found to be operative for the control group. The 
results of the appropriate "F" tests and hence the justification of 
classing all the litters tested at specific days of dosage as 
homogeneous samples are shown in Table XXV.
Day of Dosage No. of Litters
No. of 
Foetuses F P
Day 10 7 66 *6,59 ' °’2446 >  0.10
Day 12 6* 61 F5,55 “ 0*3290 >0.10
Day 13 *2 14 F1 , 1 2 -  1'0415
0•0A
Day 14 8 62 F7,54 " °‘°534 >  0.10
Day 16 5 52 P4,47 ' °’°138 >  0.10
TABLE XXV Data showing the relative homogeneity and absence
of "litter effect" with respect to the inter­
pterygoid distance of foetuses exposed to 
1.00 mg/gram indospicine on different days of
gestation.
* Those litters which included foetuses with 
cleft palate have been omitted.
The mean values of the interpterygoid distances for these various 
groups are shown in Table XXVI.
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Day of Dosage Mean Interpterygoid Distance (mm)
Day 10 I.O5OO
Day 12 1.0787
Day 13 O.99OO
Day 14 O .9484
Day 16 0 .9 8 2 6
TABLE XXVI Mean interpterygoid distances 
from morphologically normal 
twenty-one day old Sprague-Dawley 
foetuses. Foetuses exposed to 
1.00 mg/gram indospicine at 
various days of gestation.
As the groups each comprise a population whose inter-pterygoid 
distances are randomly distributed, it has been possible to test whether 
there are significant differences among the groups by an analysis of 
variance. That is, it is possible to test whether or not indospicine 
exerts its pterygoid-spreading action more if administered at any 
particular stage of post-implantation gestation. This test showed that 
significant differences were indeed present among the various groups 
(F4>250 = 3.891 and P <  0.01).
By inspection of the data shown in Table XXVI it can be seen that 
the interpterygoid distance is least when the standard dose of indospioine 
is administered on Day I4 of gestation. This apparent paradox is resolved
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when one co n sid ers  th a t in d o s p ic in e  produces s ig n i f io a n t ly  d i f f e r i n g  
d w arfing e f f e c t s  when ad m in istered  on d i f f e r e n t  days o f  g e s ta t io n . I t  
i s  the e f f e c t  o f  p te ry g o id  sp rea d in g  r e l a t i v e  to  in d iv id u a l s k u ll  s iz e  
th a t  i s  s ig n i f ic a n t  and n ot r e l a t i v e  to  a b so lu te  u n its  o f  le n g th  shown 
in  Table XXVI.
In o th er words, as w e ll  as d is p la y in g  in te r p te r y g o id  sp rea d in g  a 
s e v e r e ly  a f fe c te d  s k u ll  w i l l  be q u ite  sm a ll, and the a b so lu te  u n its  o f  
le n g th  r e s u lta n t  from th e se  two opposing fo r c e s  may e a s i l y  c a n c e l; 
exp ressed  a l t e r n a t iv e ly ,  the tendency to  an a b so lu te  in c re a se  in  
in te r p te r y g o id  d is ta n c e  i s  n egated  by an o v e r a ll  re d u ctio n  in  a l l  
cep h alo m etric  param eters.
To c o r r e c t  f o r  s k u ll  s i z e  an " in te rp te ry g o id -s o m a tic  mass index" 
( i . S .  Index) may be p o s tu la te d  such th a t  l a t e r a l  d isplacem en t o f  the 
p te ry g o id  p ro ce sse s  d is p ro p o rtio n a te  to  in c r e a s in g  body mass i s  
r e f le c t e d  in  an in c re a se d  I . S .  Index. To r e f l e c t  t h i s ,
T Q T . In te rp te ry g o id  D istan ce
H1CLÔX B  n  , .
Som atic Mass
The in d ic e s  r e p r e s e n ta tiv e  o f  the d i f f e r e n t  tim e-dosage groups are  shown 
in  Table XXVII.
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Day of Indospicine 
Dosage I.S. Index
Day 10 .2542
Day 12 .2964
Day 13 .2981
Day 14 • 3009
Day 16 •2649
Controls •1477
TABLE XXVII Data showing the effect of
different dosage times on the 
interpterygoid distance. The 
I.S. Index is used to compensate 
for absolute differences in skull 
size. Constant dose (1.00 mg/gcam) 
of indospicine used in all test 
groups.
Expressed graphically,
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I t  can be seen th at over the temporal range te ste d  the e f f e c t s  o f 
indospicine on the in te rp te ry g o id  d istan ce  are g re a te s t when administered 
over the Day 12-14 p eriod .
Furthermore, from Table XXVII i t  can be seen th at even when 
in dospicine i s  adm inistered on Day 10 and on Day 16, the "spreading 
e f fe c t "  i s  op erative  and th a t the " I .S .  Index" i s  s t i l l  almost double 
th at o f  co n tro l fo e tu se s , even a t these r e la t iv e ly  re fr a c to r y  stages o f 
g esta tio n .
Cephalometric s tu d ie s  o f  the other parameters shown in  Figure 15 
have a lso  been analysed by methods s im ila r  to those described fo r  the 
study o f the in te rp te ry g o id  d ista n ce . Tables XXVTIIA and XXVIIIB show 
the e f fe c t s  o f two d if fe r e n t  uranoschitogenic dose p attern s on the 
rem aining e ig h t cephalom etric parameters te s te d .
Group O c c ip ita lLength
B a s i-sphenoid 
Length
In te r-ju g a l 
Length
In te r-
squamosal
Distance
1.00 mg/gram 33-2 16.5 79-1 101.2
2.00 mg/gram 33.5 17.0 78.6 93-6
Controls 37-3 20.6 92.1 IO6.7
TABLE XXVIIIA Cephalom etric data from measurements
in d ica te d  on Figure 15« A ll measurements 
in  eyep iece  g r a tic u le  u n its  
(1 u n it  s O.0713 mm)* Maternal dosage on 
Day 13 o f  g e sta tio n .
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Group
Length of 
Cleft Palate 
(or equivalent)
Inter-
Maxillary
Width
Inter-
Palatine
Width
Inter-
tympanic
Width
1.00 mg/gram 84-4 11.2 1 3 . 0 4 2.O
2.00 mg/gram Ô4 . 5 12.8 1 3 . 7 45.4
Controls 98.1 2.0 2.0 4/ *0
TABLE XXVIIIB Cephalometric data from measurements
indicated on Figure 15*
From these figures it can be seen that the indospicine-exposed skulls 
axe reduced in all major diameters. After testing for within-group 
homogeneity it was found that significant litter differences were present 
in all parameters exoept the inter-bullous distance, the inter-maxillary 
and inter-palatine distances within both test and control series. 
Interestingly, differences between the means of the two indospicine- 
exposed groups (after appropriate analysis using a hierarchical form of 
model) were significant only for the inter-squamosal and inter-maxillaiy 
distances.
It will be recalled from the lateral cephalometric studies of 
Chapter 12 that the palatine bone was a "key” bone in the basi-cranial 
axis with respect to changes produced by indospicine. In these basal 
cephalometric studies, however, it has been demonstrated that once cleft 
palate has been produced, further increase in indospioine dosage does 
not cause progressively increasing lateral displacement of the two 
palatine bones (t^ >= I.468 andP>0.10).
A further striking feature of this data is the "all-or-none" effect
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observed in the width of the indospicine-induced cleft. Reference to 
Table XXVTIIB shows that the inter-palatine and inter-maxillary raphes 
are less than 2.0 graticule units (i.e. 0.14 mm) apart in the control 
series. Even in the 1.00 mg/gram indospicine-exposed group the 
narrowest oleft was 9 units in width, and no foetus without oleft 
palate had an inter-maxillary or inter-palatine distance greater than 
2.0 graticule units.
Thus it appears that whereas vertical displacement of the palatine 
bones forms a quantitative continuum, the lateral displacement of this 
bone is a discontinuous phenomenon occurring only when an overt cleft 
is present. This dissociation of palatine displacement in the two 
planes very strongLy implies that vertical displacement is the essential 
teratogenic mechanism and that lateral spreading occurs only when 
vertical displacement has proceeded to the point where it is invariably 
associated with overt cleft palate.
Because of the important qualitative changes observed in the basi- 
sphenoid (see Figures 39 to 43) it was necessary to determine the 
quantitative changes produoed by different times of dosage with 
indospioine. Table XXIX shows the basisphenoid lengths produoed by a 
constant dose of 1.00 mg/gram of indospioine.
2 6 6 .
Day o f  Dosage B asisph enoid  Length (mm)
10 I.405
12 I.34O
13 1 .1 7 6
14 1.269
16 1.305
C o n tro ls 2.884
TABLE XXIX D ata showing e f f e c t s  o f  a s in g le  
dose o f 1.00 mg/gram of 
in d o sp ic in e  on th e  le n g th  o f the  
b asisp h en o id  when to x in  
ad m in is te red  a t  d i f f e r e n t  s tag e s  
o f p o s t- im p la n ta tio n  g e s ta t io n .
For reaso n s d iscu ssed  above (w ith  re fe re n c e  to  the  in te rp te ry g o id  
d is ta n o e ) i t  was n e ce ssa ry  to  c o r r e c t  the  crude basisp h en o id  le n g th s  f o r  
changes in  body s iz e  and mass. To do t h i s  a  "B asisphenoid-Som atic Mass 
Index” was used  in  which
B .S . Index Somatic MassB asisphenoid  Length 
S ince i t  has been observed q u a l i t a t iv e ly  th a t  in d o sp ic in e  reduoes 
the  le n g th  o f  the  b a sisp h en o id  (see  F igure  4 I f o r  example) i t  has been 
n ecessa ry  to  make th e  b a sisp h en o id  le n g th  th e  denom inator in  the  
B .S. Index in  o rd e r th a t  an in c re a s in g  in d o sp ic in e  e f f e c t  i s  rev ea led  
by an in c re a s in g  B .S . Index.
Table XXX shows th e  e f f e c t  o f dosage tim e on the  B .S . Index.
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Day o f  Dosage Mean B .S . Index
10 2 .9 3 9
12 2 .7 16
13 2 .823
14 2.482
16 2 .843
C o n tro ls 1.684
TABLE XXX D ata showing th e  s p e c i f i c  e f f e c t  
on the le n g th  o f  th e  b asisp h en o id  
bone when in d o s p ic in e  (1.0 0  mg/gram) 
i s  a d m in istered  a t  d i f f e r e n t  s ta g e s  
o f  p o st-im p la n ta tio n  g e s ta t io n .
A pp lying an a n a ly s is  o f  v a r ia n c e  to  the in d iv id u a l B .S . In d ice s  
(from  which the mean v a lu e s  o f  T able XXX were obtain ed ) fo r  the 
in d o sp ic in e -ex p o se d  fo e tu s e s  a t  the f i v e  d i f f e r e n t  tem poral dosage 
p a tte r n s , i t  was found th a t  no s i g n i f ic a n t  d if fe r e n c e  was p re se n t 
(F4 338 -  2.341 and P > 0 . 1 0 ) .
I t  must be concluded, th e r e fo r e , th a t  whereas in d o sp ic in e  cau ses a 
s i g n i f ic a n t  re d u c tio n  in  the b a sisp h en o id  le n g th  c o rre c te d  fo r  changes 
in  body s i z e ,  t h is  e f f e c t  does n o t depend on the s ta g e  o f  p o st­
im p la n ta tio n  g e s ta t io n  a t  which the to x in  i s  ad m in istered , over th e  
g e s ta t io n a l range te s te d . T his n o n - s p e c if ic  e f f e c t  i s  the a n t i t h e s is  
o f  the tim e-dependent e f f e c t  o f  in d o s p ic in e  on the in te r p te r y g o id  
d is ta n c e .
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Summary.
A study of indospioine-induced changes in the skull base has been 
undertaken. Study of 494 cleared and stained foetal skulls has enabled 
one to specify qualitative changes in bony form and bone relationships 
that characterize a syndrome. Decreased density of all bones forming 
the norma basalis is a feature of this syndrome.
A series of nine cephalometric parameters of the norma basalis has 
been studied in almost five hundred foetuses. This has revealed that 
indospioine causes widening of the interpterygoid distance, and that 
the extent of this lateral displacement is dose-dependent and is also 
dependent on the stage of post-implantation gestation at which indospioine 
is administered. Furthermore, significant lateral displacement of the 
pterygoid processes occurs even although overt cleft palate may not be 
produced.
It has been shown that lateral displacement of the two palatine 
bones by indospioine forms a discontinuous series in contradistinction 
to the continuum of effect noted in indospioine-induced vertical 
displacement. Analysis of palatine bone movement suggests that vertical, 
and not lateral displacement of the palatine bone is the most important 
prerequisite for deft formation.
Indospioine produces disproportionate reduction in the length of 
the basisphenoid but this effect occurs irrespective of the gestational 
period at which indospioine is administered. It appears that this bone 
is relatively sensitive to the effects of indospioine but that changes 
produced in it do not parallel other more direct changes associated with 
cleft palate formation.
269.
CHAPTER 14-
Effects of Indospioine on Foetal Size.
It has been noted in Chapter 7 that indospioine causes somatic 
dwarfism in foetuses exposed to the toxin in doses of O .5 mg/gram 
maternal body weight. Furthermore, it appeared that reduction in body 
size and mass was dose-dependent, and that although quite dramatic 
reduction in foetal size oould be produced, no other abnormality of 
external body form was present (Figures 221 and 222).
A series of experiments has been undertaken to study the dwarfing 
effects of indospioine in greater detail. Does were time-mated in the 
manner described in Chapter 5 and. randomly ascribed to "test" and “control" 
groups. In the first of the experiments in this series indospioine was 
administered to ten does in a dose of O .5 mg/gram on Day 13 of gestation, 
and foetal weights measured at 9«00 a.m. on Day 21 following Caesarean 
hysterectomy. Table XXXI shows the results of this experiment.
Group No. of Litters No. of Foetuses Mean Foetal Mass (Grams) . ..
TESTS 10 101 3.32
CONTROLS 10 117 4.85
TOTAL 20 218
TABLE XXXI Results of experiment to determine the effect 
of 0.5 mg^gram indospioine on foetal wei^it. 
Toxin administered on Day 13 of gestation.
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An analysis of variance of the 117 members comprising the control 
group revealed that there existed a significant difference among litters 
with respect to foetal mass (FQ » 2.899 and P C  0.01 ).
Furthermore, analysis for possible regression of foetal mass on 
other measurable factors did not reveal any such correlated factors 
(see Table XXXII).
Factor Assessed lr l P
Litter Size .109 >  0 .0 5
Maternal Weight (D.2l) *149 >  O .05
Maternal Weight gain 
during gestation *531 >  0 -0 5
Placental Mass .288 >  0 .0 5
TABLE XXXII Analysis of mean foetal mass per litter 
for possible regression on litter size, 
maternal weight at term, maternal weight 
gain during gestation, and placental 
mass.
Therefore it was not possible to adjust foetal mass for any 
quantitatively-measurable co-variable to compensate for litter differences 
furthermore it was not justifiable to consider the 117 individual oontrol 
foetuses in the 10 control litters as an homogeneous population whose 
masses were normally distributed.
Similarly, an analysis of varianoe of the 101 foetuses which 
comprised the indospicine-exposed group has shown that there also exists 
a significant "litter effect'* (Fq Qi * 4*057» and P C  0.001).
Beoause of this "litter effect" common to both groups it has been
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necessary  to  t e s t  f o r  the  dw arfing e f f e c ts  o f in d o sp ic in e  by app ly ing  a 
m odified a n a ly s is  o f v a rian ce  b reak ing  down " th e  between l i t t e r s  sum o f 
squares" in to  i t s  independent components. A t - t e s t  i s  in a p p ro p ria te  
s t a t i s t i c a l l y  because o f the  non-random n a tu re  o f the f o e ta l  masses in  
the two groups.
Upon a p p lic a tio n  o f th i s  m odified a n a ly s is  o f variance
F 1,198  *  943 * * *  p < 0 * 0 0 1 *
I t  can thus be seen th a t  a t  a dose o f 0.5  mg/gram in d o sp ic in e  i s  a 
s ig n if ic a n t  dw arfing agen t, reducing  mean f o e ta l  mass from 4»85 grams 
to  3*32 grams, i . e .  a red u c tio n  o f 31*55^*
In the  indosp io ine-exposed  group, an a n a ly s is  fo r  p o ss ib le  re g re ss io n  
o f f o e ta l  mass s e p a ra te ly  on m aternal w eight, m aternal w eight gain d u rin g  
g e s ta tio n  and p la c e n ta l mass proved n e g a tiv e , i . e .  these  q u a n t i ta t iv e ly  
m easurable f a c to r s  were n o t o o v ariab les  w ith  f o e ta l  mass a f t e r  in d o sp ic in e  
exposure a t  th i s  dose. However, a s ig n if ic a n t  re g re ss io n  c o e f f ic ie n t  was 
found fo r  mean f o e ta l  mass and l i t t e r  s iz e  only in  the in d o sp ic in e - 
exposed group.
|r| «= 0 .660 , and P < 0 .0 5 .
This r e la t io n s h ip  was d i r e c t ,  in  th a t  sm alle r l i t t e r s  had members 
w ith  sm alle r mean f o e ta l  m asses. This i l l u s t r a t e d  again the  f a c t  th a t  
l i t t e r  e f f e c t  was very im portan t in  determ in ing  response to  in d o sp ic in e . 
This r e s u l t  can be most simply in te rp re te d  by co n sid e rin g  th a t  i f  a 
l i t t e r  i s  unduly s e n s i t iv e  to  in d o sp ic in e , many o f i t s  members w ill  d ie  
and be reso rbed , and the rem ainder w il l  be sm all bu t v ia b le . The 
r e la t io n s h ip  between mean fo e ta l  mass in  grams and l i t t e r  s iz e  i s  given
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by the equation
y -  2.904 + 2.167 X
where y is litter size, and
X is mean foetal mass per 
0.9 mg/gram indospioine
litter following 
administered on Bay 13«
A second series of experiments was oonduoted to determine whether or 
not the "canavanine control" solution administered to control rats in lieu 
of indospioine had any significant effect on foetal weight when compared 
with that produoed by administration of distilled water. In this test, 
twenty does were selected and randomly ascribed to "test" and "control" 
groups. Members of the test group each received 0.25 mg/gram of canavanine 
as described in Chapter 5* Members of the control series each reoeived an 
equivalent volume of distilled water. Results of this experiment are 
shown in Table XXXIII.
Group No. of Litters No. of Foetuses Mean Foetal Mass (Grams)
Water Control 10 116 4.8I
Canavanine Control 10 107 5.O3
TABLE XXXIII Results of experiments to determine the effect 
of canavanine (0.25 mg/gram) on foetal mass. 
Canavanine administered on Bay 13 of gestation.
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Analysis of varianoe of the "water oontrol" group again revealed that 
a significant litter effect was operative, but surprisingly no litter 
effect was present in the "canavanine control" group in this series of 
experiments (Fq q_ « 1.697 and P>0.05). A modified analysis of
y 9 7 1
variance was thus used to test for the significance of the differences
of mean foetal mass in the two groups. This showed there to be no
significant difference (F onA » 2.163 and P > 0.05)«i ,  ¿ U 4
Another series of experiments was conducted to determine the degree 
and stage at which developmental arrest occurred following indospicine 
dosage on Day 13 of gestation. A total of forty does were used in this 
experiment. They were time-mated and alternately allotted to "oontrol" 
and "test" groups. At 9*00 a.m. °n Day 13 of gestation indospicine 
(1.5 mg/gram) or a "canavanine control" solution was administered by 
intra-gastrie tube as described in Chapter 5*
In the control series four does were immediately sacrificed on 
Day 13, four on Day 14 and two on each of the remaining seven days of 
gestation and the foetuses weighed individually. The indospicine-dosed 
group were also saorificed serially commencing with four does on Day I4 
and two on each day thereafter. The results of this experiment are 
shown in Table XXXIV below.
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DAY OF 
GESTATION
CONTROLS TESTS
No. of 
Foetuses
Mean Mass
C«m)
No. of 
Foetuses
Mean Mass 
____(fln) .
13 43 0.133 -
14 51 0.141 44 0.193
15 20 O.27I 21 0.246
16 23 O .446 20 0.338
17 21 0.818 20 0.693
16 19 1.398 21 0.998
19 24 2.234 20 1.405
2 0 23 3.601 16 1.905
21 23 5.321 18 2.801
TABLE XXXIV Table of mean foetal mass of both control and 
indospicine-exposed foetuses at progressive 
stages of gestation. Indospicine administered 
on Day 13 of gestation in a dose of I.5 mg/gram.
These results are shorn graphically in Figure 307*
It can be seen that for forty-eight hours after indospicine dosage 
there is a significant increase in foetal mass (t * 3*431 for 93 degrees 
of freedom, and P C  0.01 ). No "litter effect" is present up to and 
including Day 19 in both series. The oanse of this inorease in foetal 
mass has not been proved unequivocally but histological studies suggest 
that it is due to oedema fluid.
After Day 15 of gestation, indospicine-exposed foetuses continue to 
grow but lag progressively further behind controls at the same stage of 
gestation (see Figure 307). Using a dose of I.5 mg/gram, by Day 21 
indospicine-exposed foetuses weigh only 52*6 percent of their
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corresponding controls.
The next experiment conducted was to study the dwarfing effect of 
indospicine when the toxin was administered at varying stages of post­
implantation gestation. A total of fifty-five does were used in this 
study. Results are shown in Table XXXV.
Day of Dosage No. of Litters No. of Foetuses
Mean Foetal 
Mass on Day 21 
(grams)
8 5
*0 as
10 10 88 4*13
12 6 61 3.64
13 10 101 3.32
H 7 69 3.15
16 10 100 3.71
17 3 31 3.52
18 4 40 3-56
TABLE XXXV Effect of dosage tira© on the dwarfing effects of 
0.5 mg/gram of indospicine. * » 100 percent 
embryolethality at this dose if given on Day 8.
An analysis of variance undertaken on foetal weights within each 
dosage-time group showed that a significant "litter effect" was operative 
for every group. A full hierarchical analysis of the groups has not been 
undertaken but by inspection of the mean foetal masses shown in Column 4 
of Table XXXV it is clear that over the temporal range of Day 12 to Day 18
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a oonstant dose of indospioine causes similar dwarfing effeots irrespective 
of the gestational stage at which it is given.
Next, a study of dose-response relationships with respect to foetal 
mass was undertaken. The foetuses used in the d03e-response studies for 
the percentages of cleft peliate produced at different doses were used in 
this study- The form of dosage (constantly on Day 13) is described on 
page 168. Results of the dose-response studies for foetal mass are 
shown in Table XXXVI below.
Dose
(mg/gram) No. of Litters No. of Foetuses
Mean Foetal Mass 
(grams)
O .25 9 94 4.246
O.5O 22 211 3.407
1.00 26 26O 2.867
2.00 4 40 2.682
Controls 24 258 4 .9 12
TABI^JÜOCVI Dose response studies of indospicine-induced 
foetal dwarfism. Indospioine administered 
on Day 13 of gestation only.
The dose-response curve derived from this data is shown in Figure 311- 
It can be seen from this that an indospioine dose of 0.44 mg/gram 
administered on Day 13 of gestation reduces mean foetal mass at term by 
25 percent.
Finally, a study of the histology of both maternal and foetal 
pituitary glands was undertaken to see whether or not indospioine-induced 
dwarfism was related to ohanges in the anterior pituitary.
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Sections of pituitary tissue were coded, against a master sheet and 
"controls" and "tests" mixed. No readily-discernible changes oould be 
observed and subjective assessment showed that any single histological 
section of pituitary was as likely to be classed as a "control" as an 
"indospicine-exposed" specimen.
Summary.
Indospicine causes significant somatic dwarfism in doses as low as 
0.25 mg/gram when administered on Day 13 of gestation. Individual 
members of some litters are more prone to the dwarfing effects of the 
toxin than are those from other litters, i.e. a marked "litter influence" 
is operative. Mean foetal mass per litter was not related to maternal 
weight, maternal weight gain during gestation or placental mass.
However, a direct correlation between foetal mass and litter size was 
observed following indospicine administration, confirming individual 
litter sensitivity to the drug. Canavanine in a dose of 0.25 mg/gram 
(the dose administered in the control solution) does not cause 
significant change in foetal mass. Growth curves for both oontrol and 
indospicine-exposed foetuses have been prepared. A significant mass 
increase occurs for forty-eight hours after indospicine dosage but mean 
foetal mass thereafter is significantly less than controls at 
corresponding stages of development. Dwarfing effects of indospioine 
are probably not time specific, at least in lower doses. A dose of 
0 . 5  mg/gram causes similar effects with respect to foetal size if 
administered at any stage of gestation from Day 12 to Day 18 inclusive.
278.
Dose-response relationships of indospicine with respeot to foetal mass 
have been determined. Finally, indospicine-induced foetal dwarfism is 
not associated with significant change in either the foetal or the 
maternal anterior pituitary gland.
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CHAPTER 15.
Eff eo te of Indospioine on the Placenta«
The rodent placenta at term is composed of both allantoio and 
vitelline elements (Amoroso, 1952A). The vitelline vessels, as distinct 
from the allantoic (i.e. definitive umbilical) vessels, are clearly seen 
(see Figure 7)* At term, the plaoenta is a deciduate, disooid organ 
with mesometrial attachment (see Figures 6 and 6a ) although implantation 
itself is interstitisti and ocours antimesometrially (Amoroso, 1952B).
At term the materno-foetsil blood relationship is haemoendothelial 
(Mossman, 1937) and. the maternal blood compartment is described as 
"labyrinthine".
The placental histology of Rattus norvegious at Day 21 of gestation 
manifests a relatively constant pattern that shows surprisingly little 
variation from foetus to foetus. Five distinct anatomicsil zones can be 
identified in sections cut at right angles to the plane of uterine 
attachment.
DECIDUA
The decidual zone consists of sheets of uniformly orientated small 
cells with dark spherical nuclei (Figures 25O, 253, 257 and 259). Their 
regular alignment parallel to the plane of uterine attachment is often 
so striking that the term "polarization" is often used (see Figure 257)* 
Peripherally, the zone of densely-packed decidual oells merges with areas
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of dense amorphous and homogeneous eosinophilic material derived from 
the cytoplasm of altered decidual and myometrial c e l ls  (Figure 259)*
In th is zone can be seen fragments of pyknotic and karyorrhectic nuclei 
from the decidual c e l ls .  Occasionally, dense dumps of pyknotio nuclei 
form into a hyperchromatic spherical mass ("symplasma mass") in which 
the d iscrete elements of single nuclei oan be readily  distinguished (see
No change i s  observed in the decidua a fte r  the smaller teratogenic
increases, progressive attenuation of the decidual ce ll layer occurs 
(Figure 249)- In doses of 2.00 mg/gram administered on Day 13 of 
gestation lo ss  of po larity  i s  evident amongst the decidual c e lls  and 
aggregation into symplasma masses i s  le s s  evident (See Figure 254)* As 
dosage increases further, progressive thinning of the decidua occurs.
No change in the normal, cleavage pattern of the decidua (see Figure 259) 
i s  produced by indospioine, although in many animals allowed to come to 
parturition  spontaneously the period of gestation was prolonged. I t  can 
be confidently stated that th is indospioine-induced prolongation of 
gestation i s  not secondarily due to any indospioine-induced abnormality 
of oleavage.
GIANT CELLS
The next layer, the zone of giant c e l ls ,  con sists of iso lated ,
metachromatic or basophilic cytoplasm. These are well shown in 
Figures 250, 251, 253 and 257* I t  can be seen that the cytoplasm i s
Figure 253)*
doses of indospioine (up to 1.00 mg/gram maternal weight). As dosage
irregularly-shaped with giant nuclei and
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oomposed of a fine flocculated meshwork and occasionally evidence of 
phagooytic activity can be seen in the form of ingested nucleated 
erythrocytes and other debris (see Figure 257)* Their phagocytic 
activity has been known for over twenty years (Fawcett, Wislooki and 
Waldo, 1947).
The nuclei of these giant cells visually manifests intense basophilio 
or metachromatic staining and have one or more prominent spherical 
eosinophilic nucleoli often 1 0 or more in diameter. The regular linin 
network imparts a homogeneous appearance to the nucleus (see Figures 253 
and 257)« It must be emphasized that very large eosinophilio nuoleoli 
are a normal feature of the giant cells in the rodent placenta. An 
understanding of this fact is necessary especially as it will be 
demonstrated that enlargnent of hepatocyte nucleoli is a common feature 
following indospicine toxioity, and it is important not to interpret the 
presence of placental giant-cell nuoleoli as due to a similar indospicine- 
induced mechanism.
No changes in the morphology of giant cells are observed in lower 
dosage patterns with indospicine administered at any time during post­
implantation gestation. When doses in excess of 1 mg/gram (maternal 
weight) are administered on hay 13 of gestation characteristic changes 
occur in the nuclei. The nuclear membrane becomes less distinct. The 
chromatic linin network within the karyoplasm tends to disappear and 
fragment, with the result that the nucleoli are much more distinct (see 
Figures 252, 254 and 258). This loss of basophilic staining of the 
nuclei contrasts with a change that occurs in the nucleoli when doses
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in  excess o f  2*5 mg/gram are  given; in  th ese  cases the n u c le o l i  become 
sm alle r, rounded and more dense and compact. In  doses of 3.00 mg/gram 
g ia n t c e l l s  a re  decreased in  number w ith  very c le a r  karyoplasm and 
sm all dense sp h e ric a l n u c le o l i .
In c o n tra s t  w ith the n u c le a r changes, in dosp ic ine-induced  
a l te r a t io n s  in  the oytoplasm are  n o t dram atic , and a re  l im ite d  to  
moderate lo s s  o f b a so p h ilia  and some lo s s  o f  d i s t in c tn e s s  o f c e l l  
o u tlin e .
When in dosp ic ine  i s  adm in istered  on Day 8 o f g e s ta tio n  in  doses 
o f 0 .5  mg/gram su rv iv in g  p lacen tae  m an ifest some red u ctio n  in  the s iz e  
o f g ian t c e l l s  bu t none o f the q u a l i ta t iv e  n u c le a r changes described  
above. I f  adm inistered  on Day 10 some lo s s  o f g ia n t c e l l s  ocours. I f  
a dose in  excess o f 1.00 mg/gram i s  adm in iste red  a f t e r  Day 13, the 
c h a r a c te r is t ic  changes o f in dosp ic ine  to x ic i ty  can be id e n t i f ie d  bu t 
a re  n o t as f lo r id  as those observed i f  the  to x in  i s  given on Day 13* 
SYNCYTI0TR0PH0DLAST
The la y e r  o f sy n cy tio tro p h o b la s t o o n s is ts  o f c e l l s  which a re  
r e l a t iv e ly  oonstan t in  s iz e  and s ta in in g  p o te n t ia l .  These in te rm esh ing  
c e l l s  have n u c le i w ith  dense, clumped chrom atin and b a re ly  d is c e rn ib le  
n u c le o l i .  Cytoplasm i s  foamy. The sy n cy tio tro p h o b la s tic  la y e r  i s  
c le a r ly  demarcated from the la y e r  o f the p la o e n ta l la b y r in th  which i s  
h ig h ly  v a scu la rized  (F igures 250, 253 and 259)* O ccasional la rg e  
s in u so id a l spaces co n ta in in g  m aternal or fo e ta l  blood (F igure 253) are 
p re se n t.
W ithin the sy n c y tia l meshwork o f c e l l s  in  th is  la y e r  can be seen
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small isolated clumps of oytotrophoblastic cells with clear cell 
membranes and non-staining cytoplasm (Figures 250 and 251)• 
Occasionally, several of these cells show degenerative changes, even 
in control foetuses, and this has resulted in the formation of micro­
cysts in the syncytiotrophoblastic zone. It will be subsequently 
described how indospicine causes great enlargment and proliferation 
of this process of cyst formation, bat it is important to realize that 
occasional small cysts are a feature of the syncytiotrophoblastic zone 
in the normal rodent placenta at Day 21 of gestation.
Indospicine in doses of 1.00 mg/gram causes significant thinning 
of the syncytiotrophoblastic zone and the formation of oysts, two 
phenomena which are dose-dependent in their quantitative expression.
If dosages in excess of 2.00 mg/gram are used cyst-formation in the 
syncytiotrophoblast beoomes a very prominent feature, easily seen with 
the naked eye, and certainly the most dramatic change induced in the 
placenta by indospicine (see Figures 248, 249, and 252). These cystic 
changes have been produced in the three species of rat used, the 
qualitative morphology of the lesion being identical in each species.
These giant spherical cysts in the syncytiotrophoblastic zone can 
bs seen in all stages of formation (Figure 248). Adjacent cytotropho- 
blastio and syncytiotrophoblastic cells simultaneously lose their 
cytoplasmic differentiation and start to degenerate. The size of these 
groups of degenerating cells varies from microscopic dumps of three or 
four neighbouring cells to macroscopically visible groups oomprising 
several hundred cells. The nucleus of such a cell beoomes very dense
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and pyknotio and comes to occupy a central portion in the cytoplasm.
No nucleoli are discernible. Karyolysis occurs leaving a zone of 
poorly-differentiated eosinophilic meshwork which quickly fragments.
In many cysts a few recognizable cytotrophoblastic cells can be 
identified in the cyst fluid (Figure 249)* The oyst is lined by a 
layer of flattened syncytial cells to which odd clumps of cytotropho­
blastic cells may adhere (Figure 252). Occasionally giant cells form 
part of the cyst wall.
The cysts form in the syneytiotrophoblast next to the giant-cell 
layer and may be up to 1.9 mm in size when higher dosages (3*00 mg/gram) 
of indospicine are used. If multiple indospicine-induced cysts are 
present these are disposed in a plane parallel to the uterine surface.
In many of the more severely affeoted placentae, these cysts cause such 
atrophy of the syncytiotrophoblastic layer that the oysts develop ostia 
which open into the cleavage plane of the decidua (Figure 249)•
If indospicine is administered on Day 8 of gestation some 
vacuolation is observed in the oytoplasm of the syncytiotrophoblastic 
cells and this layer becomes thinner than normal. It will be recalled 
that indospicine is not teratogenic when administered at this gestational 
stage but is embryolethal in a high percentage of oases. If the toxin 
is administered on Day 10, in addition to thinning of the syncytio- 
trophoblast, early pathological cyst formation is produced. When the 
toxin is administered in doses of 2.00 mg/gram on Day 16 cysts can still 
be produced, but the synoytiotrophoblast is relatively refractory to the 
toxin when compared with its susceptibility at earlier stages of gestation.
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PLACENTAL LABYRINTH
The rodent placental labyrinth at term is a thick layer in which the 
major part of gas exchange and metabolite transfer occurs. This zone is 
composed of an extensive spongework of interlacing foetal capillaries and 
contiguous maternal sinusoids among which are scattered oocasional 
chorionic cells (Figures 255» 261 and 262). Many nucleated erythrocytes 
are present in these foetal capillaries (Figure 255)*
The rat placenta at term is haemoendothelial (Mossman, 1926; 
ibid 1937? Amoroso, 1952A), a sub-type of placenta haemochorialis first 
called "labyrinthine1’ by Grosser (1909)* In this form of plaoentation 
irregular loss of chorionic trophoblast has oocurred and consequently 
foetal endothelium only intervenes between the foetal and the maternal 
circulations in many areas.
In such placentae the allantoic component (as opposed to the 
vitelline moiety) allows only minimal histotrophe nutrition. In such 
forms of plaoentation embryonic and foetal nutrition is largely, but not 
exclusively, haemotrophe in type. Everett (1935) has shown that maternal 
blood is renewed every twenty minutes in the maternal sinuses of 
Rattus norvegicus. These labyrinthine maternal sinuses are shown in 
Figures 255» 261 and 262. The single membrane (light microscopy) whioh 
separates the two circulations can be clearly seen in Figures 255 and 262.
Near the foetal surface of the placental labyrinth many inclusions 
of vascular splanchnopleure are normally seen (Figure 255)« These contain 
proteinaceous sediment and cell debris and are a prominent feature of the 
placenta at term. They were originally described by Duval (1891) and are
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now believed to play an important role in the histotrophe absorption of 
essential metabolites (Amoroso, 1952B). These endodermal diverticula 
accompany the larger foetal vessels into the superficial layers of the 
labyrinth.
The chorionic cells of the placental labyrinth are large, measuring 
approximately 5 0 in diameter; they have well demarcated cell membranes 
and nuclear and nuoleolar outlines (Figures 253» 261 and 262). The 
nucleolus is centrally situated (Figure 26l).
After administration of teratogenic doses of indospicine up to and 
including 1.00 mg/gram, little or no change is produced in the placental 
labyrinth (Figure 26o). Maternal and foetal vessels are not congested 
and no change is seen in morphology of the chorionic cells. Specifically, 
the haemoendothelial membrane separating the two circulations is normal 
to light microsoopy.
If the indospicine dose of 1.00 mg/gram is exceeded the labyrinthine 
layer becomes thinned, and both maternal and foetal vessels become 
congested. This effect is dose-specific in that 3*00 mg/gram produces 
extreme attenuation of the placental labyrinth in the surviving conceptus, 
but even in high dosage necrosis is not a feature of the indospicine- 
induced histological changes in this zone. With increasing dosage the 
congestion of capillaries and sinusoids is more marked and endothelial 
cells contain many iron-staining granules. The chorionic cells become 
more dense and thus quite prominent and the nucleoli become more 
eosinophilic.
The production of indospicine-induoed labyrinthine changes is not
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time-specific, and higher teratogenic doses will produoe the above- 
desoribed lesions if administered as early as Day 10 or as late as Day 1 6  
in gestation. After Day 1 6 the labyrinth is relatively refractory to the 
pathogenic effects of indospicine.
Endodermal sinuses are not affected histologically in any way even 
when severe changes are produced by indospicine in the surrounding 
labyrinth (see Figure 256).
Placental Changes Associated with Hydropic Foetuses.
It will be reported in Chapter 16 that the London Black strain of 
rat, in addition to manifesting the teratogenic features of indospicine 
described in the Sprague-Dawley and Wistar strains, also reacts to 
indospicine by producing hydropic foetuses which remain viable until 
Day 21 (Figure 216). The placentas of these foetuses are large and 
oedematous. The phenomenon ocours in strains other than London Black but 
is much less common.
A study of these swollen placentae from hydropic London Black 
foetuses has been undertaken on thirty such-affected cases. The 
indospicine-induced hydropic enlargement is associated with several 
constantly occurring histological features.
Firstly, there is virtually complete loss of all giant cells from 
the para-decidual zone. Those remaining are necrotic and manifest densely- 
clumped nuclear chromatin and irregularly-staining cytoplasm (Figures 265 
and 266). All semblance of a regular cell outline is lost, and the 
cytoplasm extends into stellate dendritic processes.
Secondly, the syncytiotrophoblastic zone is largely necrotio and its
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component c e lls  are smaller and more densely aggregated than usual«
These contain densely-chromatic pyknotic nuclei with loss of nucleolar 
differentiation (Figures 263 , 265 and 266). Zones of oedema flu id  and 
dense proteinaceous deposits are found between the neorotic syncytio- 
trophoblast and the giant c e lls  (Figure 265)* Cystic changes described 
in the indospicine-affected placentae of Hattus norvegicus are present 
also in hydropic placenta. These cysts tend to be smaller and more 
discrete but are present in much larger numbers than in those of the 
nan-hydropic placentae of any of the three species examined for this  
lesion. Decidual c e lls  manifest indospicine-induced changes sim ilar to 
those described in non-hydropic placentae.
Thirdly, diffuse necrosis occurs throughout the labyrinth  
(Figures 263 and 2 6 4 ) .  The chorionic c e lls  are smaller than normal and 
have shrunken pyknotic nuclei. The cytoplasm stains darkly and nuclear- 
cytoplasmic d ifferen tiation  beoomes d iff ic u lt  (Figure 264)«
One of the most strik in g features of these hydropio placentae is  
the virtual absence of blood in the foetal cap illaries although 
erythrocytes are s t i l l  present normally in the maternal sinusoids 
(Figure 264). In spite of quite extensive necrosis the haemoendothelial 
membrane separating the labyrinthine maternal and foetal circulations is  
re la tiv e ly  unaffected by the indospicine-induced necrosis. The in tegrity  
of this wall is  almost certainly maintained by haematrophe factors from 
the maternal circulation. Areas of haemorrhage or blood extravasation  
have not been observed.
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PLACENTAL MASS
To investigate the e ffec t of indospicine on placental size  twenty- 
virgin does were randomly divided into two groups of ten animals each.
The " te s t"  group received a single oral dose of O.5 mg/gram of indospicine 
on Day 13 of gestation. Animals were segregated and the placentae 
harvested and weighed according to the techniques described in Chapter 6
(page 151). Table XXXVII shows the outline re su lts  of th is experiment.
GROUP No. of L itte rs No. of Foetuses Mean Placental Mass (mg)
Tests 10 104 591.2
Controls 10 115 761.2
TABLE XXXVI I fielative placental masses from control 
foetuses and from foetuses exposed to 
0.5  mg/gram of indospioine on Day 13 
o f gestation.
Within the control se r ie s , an analysis of variance established that 
no sign ifican t difference existed  among the ten l i t t e r s  of the control 
group (F n(- = 1.924 and P ^>0 .05 ). However, i t  was demonstrated that 
a sign ifican t " l i t t e r  e ffe c t"  was operative when one assessed the 
influence of " l i t t e r "  on indospieine-affected placental mass 
(Fq q . - 3.326, and P C 0 .0 1 ) .
Investigation of faotors lik e ly  to be correlated with placental mass 
was then undertaken.
In the indospicine-exposed se r ie s , l i t t e r  size  had no e ffec t on
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placental mass ( |r| ■ 0.4128 for 8 degrees of freedom; P>0.05). This 
finding contrasted with that found in the study of foetal mass in which 
it was demonstrated that litter size and mean foetal mass following 
indospioine administration were directly correlated. Furthermore, it 
was shown that no correlation existed between mean placental mass per 
litter and maternal weight at the time of conception ( |r| *> 0.3276 for 
8 degrees of freedom; P>0.05). Finally, no correlation existed between 
mean placental mass per litter and maternal weight gain over the twenty- 
one day gestational period ( |r| ■ 0*5079 Tor 8 degrees of freedom;
P >  0.05).
It was thus not possible to adjust indospioine-affected placental 
masses for “litter" influence. To test the significance of the apparent 
difference in mean placental masses shown in Table XXXVII a modified 
hierarchical analysis similar to that described in Chapter 12 was used. 
This showed there to be a significant difference between the mean 
placental masses at the five percent level (F. .qo - 3.982 and
1 t *77
0 . 0 5 > P > 0 . 0 1 ) .
Next, dose-response experiments with respect to placental mass were 
undertaken. In this study indospioine was administered only at 9*00 a.m. 
on Day 13 of gestation. Eesults are shown in Table XXXVIII below.
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DOSAGE
(mg. p e r gram) No. o f P lacen tae
Mean P la c e n ta l 
Mass (mg.)
0.25 90 688.5
0.50 201 591.2
1.00 260 459-2
1.50 63 400.6
2.00 34 375-8
C ontrols 258 7 6 1.2
TABLE XXXVIII Data from dose-response s tu d ie s  o f the 
e f f e c t s  o f  in dosp io in e  on p la c e n ta l 
mass. Indosp io ine  adm in istered  on 
Day 13 o f g e s ta tio n .
The lo garithm ic  tra n sfo rm a tio n  o f the dose-response curve i s  shown 
in  Figure 312. From th is  i t  can be seen th a t  a dose o f 0 .32 mg/gram 
reduces the mean p la c e n ta l mass by tw en ty -five  p e rcen t and th a t  a dose 
o f 1.82 mg/gram reduces mean p la c e n ta l mass by f i f t y  p e rce n t. I t  w il l  
be noted  th a t  the s lo p es o f th e  dose-response g ra d ie n ts  o f fo e ta l  mass 
(F igure  311 ) and p la c e n ta l mass (F igure 312) a re  d is s im ila r .  This 
d iffe re n c e  i s  expressed  m athem atically  in  the  fo e to -p la o e n ta l r a t io  
( i /P  r a t io )  and the e f f e c t  o f  indosp io ine  dosage on th e  i /P  r a t io  i s  
shown in  Table XXXIX.
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Indospicine Dosage 
(mg/ gram) Foeto-Placental Ratio
O .25 6.172
O.5O 5.9OO
1.00 6.246
1.50 6.110
2.00 7.133
Controls 6.455
TABLE XXXIX Table showing the relationship 
between indospicine dosage 
(mg/gram of maternal weight) 
and the foeto-placental ratio. 
Indospicine administered on 
Bay 13 of gestation.
It can be seen that at lower indospicine dosages (below I.5 mg/gram) 
foetal mass is relatively more reduced than that of the placenta. It is 
interesting to note in this regard that the human foeto-placental ratio 
ranges from 6.35 to 7*9 for normal full-term pregnancies (Adair and 
Thelander, 1925)*
Next, it was decided to investigate the changes in placental mass 
throughout the stages of gestation following dosage with indospicine 
(0.5 mg/gram) on Day 13* Material for this study was obtained from the 
experiment to determine foetal growth curves in utero following indospicine 
administration described in Chapter 14» Bata obtained from the placental
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studies is shown in Table XL.
Day of Gestation CONTELOLS TESTSNo. of 
Placentae
Mean Mass 
_(mg)
No. of 
Placentae
Mean Mass 
(mg)
13 43 120.3 -
14 51 165»6 44 202.3
16 23 316.8 20 261.1
18 19 529.5 21 424.8
19 24 636.3 20 474.3
20 23 72O .2 16 576.3
21 23 76 1.2 18 591.2
TABLE XL Data showing the rate of increase of placental mass 
both in control placentae and in those exposed to 
indospicine (0»5 mg/gram) on Day 13 of gestation.
These figures axe expressed graphically in Figure 313. It can be 
seen that following indospicine administration a transient increase in 
placental mass occurs which lasts for forty-eight hours. Some doubt 
exists as to the exact cause of this but this transient inorease 
parallels that observed in foetal mass over the same period (see 
Figure 307). Three possible explanations for this transient increase in 
placental mass are (i) a mass increase due to an increase in the number, 
size or mass of the individual cells of which it is composed, (ii) an 
increase in the blood content of the placenta (maternal, foetal or both) 
due to congestion, or (iii) an increase in oedema fluid.
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In connection with (i) above it is interesting to recall that 
Rosenberg and Palai ox (1950) found that an extract of ^digofera 
endecaphylla (i.e, spicata) leaf meal stimulated growth in chicks when 
fed as a 1.25 percent supplement in their diet (see page 7)*
Although histological changes in the early developing placenta have 
not been investigated, it will be recalled that oedema formation in the 
foetus was a prominent feature twenty-four hours after indospicine 
administration (see Figure 112) and paralleled exaotly the transient 
increase in foetal mass depicted in Figure 307* It seems likely that 
acute oedema formation in the plaoenta also causes the transient increase 
in placental mass that has been observed. It is also likely that 
congestion further augments this effect especially as congestion of 
syncytiotrophoblastic and labyrinthine vessels at term is such a prominent 
feature. Further experiments are planned to study these early plaoental 
changes.
Finally, an experiment was undertaken to study the effect of 
canavanine itself on the developing plaoenta. Material for this study 
was obtained from the experiment described in Chapter 14 and summarized 
in Table XXXIII on page 273. The results of the placental study are shown 
in Table XLI.
295.
Group No. o f L i t t e r s No. o f  P lacen tae Mean P la c e n ta l Mass (mg)
Canavanine
Control 10 106 710
Water Control 10 115 716
Total 20 221 -
TABLE XLI Summary of experim ent to  study the e f f e c t ,  i f  any, 
o f canavanine (0.25 mg/gram) on p la c e n ta l mass. 
Canavanine adm in iste red  on Day 13 o f g e s ta tio n .
Using an a p p ro p ria te  h ie ra rc h ic a l  a n a ly s is  to  exclude the  " l i t t e r  
e f fe c t"  which was p re se n t in  both  groups, i t  was shown th a t  the d iffe re n c e  
between the mean p la c e n ta l masses was n o t s ig n if ic a n t  (F^ b 3*22 and 
P >  0 .0 5 ) . One must th e re fo re  conolude th a t  th e  canavanine i t s e l f  in  the 
in d o sp ic in e  so lu tio n  does n o t s ig n if ic a n t ly  a f f e c t  p la c e n ta l mass.
P lacen tae  from canavanine-exposed fo e tu se s  were in d is t in g u ish a b le  
h is to lo g ic a l ly  from those  whose mothers rece iv ed  d i s t i l l e d  w ater only 
on Day 13 o f g e s ta tio n .
Summary.
Constant h i s to lo g ic a l  changes a re  produced by la r g e r  te ra to g e n ic  
doses o f in d o sp ic in e  and a re  r e a d ily  id e n t i f ia b le  a t  Day 21 o f g e s ta tio n . 
These changes in c lu d e  a l te r e d  morphology and arrangement o f decidual c e l l s ,  
g ia n t c e l l s  and c e l l s  o f  th e  sy n cy tio tro p h o h la s t. A p a r t ic u la r ly  s t r ik in g
296.
feature is the production of cysts in the synoytiotrophoblast. Changes 
in the labyrinth are also produoed but structures associated with 
histotrophe nutrition - e.g. labyrinthine endodermal sinuses - are spared. 
Placental morphology associated with indospicine-induced hydrops foetalis 
is also described.
A series of experiments are described in which the effect of 
indospicine on placental mass is studied. Following indospicine 
administration, the reduction in placental mass was shown to be influenced 
by factors common to each litter but maternal weight, maternal weight gain, 
and litter size were shown specifically not to influence placental mass. 
Dose-response curves have been prepared to show that the degree of 
reduction in placental mass is dose-dependent. Foeto-placental ratios 
and growth curves for both control and indospieine-exposed placentae have 
been constructed. It has been demonstrated that a significant transient 
increase in placental mass occurs for 48 hours following indospioine 
administration and that the dose of canavanine vised in the test solution 
does not itself cause interference with placental mass.
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CHAPTER 16.
Experiments to Investigate Modifying Factors 
which Influence the Embryopathie Effects 
of Indospicine.
The search for modifying agents which might influence the phenotypic 
expression of a known teratogen is of fundamental interest in experimental 
embryology. Such modifying factors have two facets of significance. 
Firstly, if present they often furnish some evidence of the embryo- 
pathogenic mechanism through which the teratogen acts. Secondly, their 
study is the first step in the development of possible therapeutic 
manipulations by whioh the morphopathogenetic effects of the teratogen 
can be suppressed.
In this Chapter axe presented results of a series of experiments 
performed to investigate the effects, on the embryopathogenic action of 
indospicine, of
(i) the effect of paternal genotype,
(ii) the effect of season,
(iii) species influence,
(iv) effects of implantation site,
(v) the effect of maternal weight, and
(vi) effects of foetal sex on the expression 
of indospioine teratogenicity.
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In addition, experiments to confirm that indospicine is the 
uranoschitogenic agent in the Indigofera extract, and studies of the 
lability of the uranoschitogenic action of stored Indigofera extract will 
also be described.
Studies of the Effect of Paternal Genotype on
A battery of six Sprague-bawley stud bucks were used in the major 
experiments to study indospicine embryopathy. Although this strain 
produced offspring of phenotypical homogeneity, line pedigrees have been 
such that no claim for genotypioal constancy can be made.
bue primarily to the genetic studies of Fraser and his research team 
in Canada, it has become apparent that genetic influences are of great 
importance in the final manifestation of teratogenically produced cleft 
palate in Rodentia (Fraser et al., 1953j Fraser et al., 1954» Kalter, 1954; 
Fraser et al.. 1957» Trasler and Fraser, 1958» Fraser, i9 6 0 ) .  It has thus 
been necessary to examine the individual records of the six bucks used in 
these studies.
After the initial stages of the experiment, results from control 
matings were assessed to test for the justifiability of regarding the six 
stud bucks as a single breeding unit. These results obtained from the 
separate bucks for the first forty-four consecutive positive control 
matings are presented in Table XLII below.
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It is noted that no cleft palates ocourred in the oontrol series. 
However, the well-aooepted hypothesis that lethal teratogenic effects 
may often be declared solely by intra-uterine resorption necessitated 
a study of resorptive potential and possible relationships to paternal 
genotype. Because of the very low incidence of resorptions in the 
oontrol series (3*14 percent of viable implantations) seen in Table XLII 
it has not been possible to apply a chi-square analysis to this data* 
However, by inspection it oan be seen that the bucks form a relatively 
homogeneous unit with respect to the resorptive tendenoy of their 
individual offspring.
A chi-square test applied to the number of litters produced by each 
buck (column 4 in Table XLIl) shows that
^  ■ 5.137 (5 degrees of freedom)
and necessitates the acceptance of the Null Hypothesis - that individual 
bucks do not differ in their potential to produce litters.
Table XLIII shows the results of analyses to study the effect of 
paternal genotype on the qualities of readiness to mate, fertility, 
fecundity and average spermatozoal density.
Quality Tested Mean S.D. Range ,  q(Ran«e 7 S.D.)
Readiness to mate 7.3 2.94 8 2.721
Effective mating 7.2 2.71 7 2.583
Fecundity 10.2 O.9O 2.7 3.OOO
Mean Sperm Density 3*2 O .42 1.0 2.381
TABLE XLIII Table showing relative homogeneity of the six 
Sprague-Bawley bucks used in the experiments 
(Control series) with respect to fecundity,
fertility, readiness to mate and mean 
spermatozoal density.
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Because of the selection of the bucks and beoause of their overall
performances one has assumed that measurable qualities attributable to 
them are normally distributed. If one makes this assumption then 
percentage points of the "studentized" range show that
P - .90 if
1.167 <  q C 6.03
It can be seen the values for q in the final oolumn of Table XLIII 
fall within this range. Thus, if the qualities tested in the individual 
bucks (fecundity etc.) are normally distributed, the high probability 
exists that the bucks form a homogeneous group, and may be regarded as 
a single paternal "mit".
In view of this it was justifiable to proceed experimentally using 
the battery of six stud bucks indiscriminately for the teratogenio 
experiments. This is an important concept as earlier workers have shown 
that feoundity is inversely proportional to the expressivity of ohemioal 
uranosohitogens (Kalter, 1956) and results from the present study (see 
Chapter 7) also support this concept.
To study the effects of paternal genotype on indospicine embryopathy, 
fifty-five virgin does were mated randomly with the stud bucks and were 
given 1.0 mg/gram indospicine on Day 13 of gestation. The results from 
this experiment are shown in Table XLIV.
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To determine whether or not the bucks comprised a relatively 
homogeneous sample in respect to possible influences on indospicine 
embryopathy a " " test has been performed - see Table XLV.
Quality Tested Mean S.D. Range q
Observed mean incidence of 
cleft palate per litter 5.49 .824 2.23 2.706
Mean litter incidence of C.P. 
corrected for litter size 5.56 1.082 2.93 2.708
Litter size 9-5 1.31 3.7 2.824
Resorption-viability ratio 11.4 6.25 14.7 2.352
TABLE XLY Table showing relative homogeneity of the 
Sprague-Dawley bucks used in experiments 
of the "test" series. Foetuses exposed 
to 1.0 mg/gram of indospicine.
From this table it can be seen that all values of "g" lie between 
the P  ■ O.9O limits of 1.167 <  C] <  6.03; one may thus infer that the
bucks comprise a single breeding unit with respect to the potential of 
their individual offspring to manifest cleft palate after indospicine 
exposure. In addition they may be regarded as a single breeding unit in 
respeot both to litter sizes whioh they sire, and to foetal susceptibility 
of the lethal effects of indospicine at this dose level.
Thus it must be accepted either that (a) indospicine has such 
uranoschitogenic and embryopathic intensity that it can mask or overcome 
individual paternal genotypic influence that is present, or (b) that such
304.
an influence is not acting in the first place, or is very weak with 
respect to the parameters studied, in Table XLV, or both. As it has been 
shown in the oontrol series that (b) is almost certainly operative, the 
hypothesis (a) - that indospioine has suoh teratogenic potential that it 
blankets individual paternal genotype effect - cannot be tested in this 
species of experimental animal.
The Effect of Season on Indospicine-Induced Embryopathy.
It has long been known that congenital abnormalities have significant 
seasonal peaks (Wright, 1926; Bivings, 1933; Landauer, 1943; MoKeown and 
Becord, 1951» Ingalls, Pugh sind MaoMahon, 1954)» Murai ( 196 3) reported a 
higher incidence of bifid uvulae in infants b o m  in the Japanese winter 
(December to February) and hence conceived in the preceding April, May 
and June ( spring- summer ).
In this series of experiments the effects of season on indospioine- 
induced cleft palate, on foetal size and on placental mass have been 
studied* As described in Chapter 5» the oalender year was divided into 
four seasons and rats selected during these were mated and segregated 
using standard teratologioal procedures.
Because of difficulty in obtaining sufficient indospioine solution 
for this study, it was not possible to assess seasonal effects over a 
wide dosage range. However, parallel dose studies were run for Summer 
and Autumn using a dose of 0*3 mg/gram, and for Autumn and Winter using
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a dose of 1.0 mg/gram. The same sample of indospicine solution was used 
for these four test groups and was kept at 4°C for the nine months of the 
study. A final aliquot kept for retesting twelve months after the start 
of the initial experiments (i.e. in the same season as the primary 
controls for uranoschitogenic activity) proved not to have lost 
significant uranoschitogenic activity. In these studies,
Summer (Australia) : December ** February 
Autumn (Australia) t March - May 
Winter (Australia) * June - August.
The results of these experiments to determine the influence of 
season on indospicine action are shown in Tables XLVI and XLVTI.
Group No. of Litters
No. of 
Foetuses
No. of 
Resorptions
1°
Resorption
No. of 
Cleft 
Palates
$>
Cleft
Palates
Summer 13 136 13 11.5 17 12.5
Autumn 8 71 16 18.4 14 19.7
TABLE XLVI Seasonal effects on the embryolethal and
uranoschitogenic effects of indospicine 
administered in a dose of 0.5 mg/gram on 
Day 13 of gestation.
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Group No. of Litters
No. of 
Foetuses
No. of 
Resorptions
1°
Resorption
No. of 
Cleft 
Palates
a/o
Cleft
Palates
Autumn
Winter
13
13
141
119
15
17
IO. 4
8.0
98
52
69*5
43.7
TABLE XLVII Seasonal effeots (autuam, winter) on the
embryolethal and uranoechitogenio effeots 
of indospicine administered in a dose of 
1.0 mg/gram on Lay 13 of gestation.
It will be noted that the peroentage of resorbing embryos refers to 
the percentage of total implantations that show resorption.
Insufficient indospicine solution was available to study seasonal 
influences during Spring. A chi-square test performed on the figures for 
cleft palate in Table XLVI reveals
% 2 ■ 1* 9 0 5 (1 degree of freedom)
and P >  0.10.
Similarly, a chi-square test performed on the cleft palate figures 
in Table XLVII reveals
■ 17*751 (1 degree of freedom)
and P <  0.001.
A chi-square test of seasonal influence on the embryolethal effect 
(i.e. potential to cause resorptions) of indospicine at a dose of 
1.0 mg/gram gives
2^  * 0.615(1 degree of freedom)
and P >0.10.
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One is foroed to the conclusion therefore that seasonal influences, 
even in a "closed" animal house, influenoe the uranoschitogenic (but not 
the embryolethal) potential of indospicine in that foetuses are more 
susceptible to the toxin during Autumn (Australia) than during Winter.
In this regard indospioine is acting similarly to many naturally 
occurring but undefined teratogens.
In a second experiment in this series the effect of season on 
indospicine-induced foetal dwarfism was assessed. Due to difficulty 
with supplies of indospioine it was not possible to extend this study 
over all four seasons, but autumn (Australia) and spring were chosen 
because it had been established (above) that foetuses were more susceptible 
in autumn than in winter at least to the teratogenic effects of indospioine. 
Spring was chosen as it was separated by the biggest temporal interval 
from autumn. As in the teratogenic studies, the same solution was kept 
and used for this study and was stored at 4°G when not in use.
An analysis of control rats was undertaken at each of the four 
seasons to see whether foetal mass differed with season in untreated cases. 
Ten control does were used for each of the four seasons. An analysis of 
variance showed that significant "litter effects" with respeot to foetal 
mass occurred within all four seasons and an augmented analysis of 
variance was used to break down the "between litters sums of squares" 
into its independent components. In this case, using a total of 40 litters 
and 453 resultant foetuses, F ..... « 3*06 and P>0.05« Thus, seasonal
1 9 41 J
effects have no relationship with foetal mass among oontrol animals.
In the indospioine-exposed groups, five litters were each treated
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with 2.00 mg/gram on Day 13 of gestation in April (mid-*autumn, Australia), 
and six months later (September, i.e. spring) a further five litters were 
similarly treated. Results are shown in Table XLVIII.
Group Ho. of No. of Mean Foetal Mean PlacentalLitters Foetuses Mass (grams) Mass (grams)
Autumn 5 54 2.87 O.4O
Spring 5 45 2.62 O.4O
TABLE XLVIII Table showing the effect of season on
indospioine-induced foetal dwarfism.
Indospioine administered in a dose of 
2.00 mg/gram on Day 13 of gestation.
An analysis of variance conducted on the individual foetal weights 
within each of these two indospicine-exposed groups again showed that a 
significant "litter effect" existed for each group. In autumn,
F4 42 “ 28.086 and P c  0.001}
in spring, F « 5*962 and P c  0.01.
4 f 4U
Therefore, to compare the foetal masses of these two groups an 
hierarchical form of analysis was undertaken and showed
F. flQ - 3*904 and O . O I C P C O . O 5.l toy
That is, the difference was barely significant at the 5 percent level. 
Ckie is forced to the conclusion, therefore, that season has some effect 
on indospioine-induced dwarfism. An alternative explanation, that the 
indospioine solution used (the same sample was used in both test groups) 
had lost some of its embryopathic effect, is untenable as the dwarfism-
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producing e ffe cts  were worse in the "spring” group which were tested six  
months after the "autumn" group; any degeneration or development o f 
embryopathic la b il ity  would have resulted in a larger mean foetal mass 
in the "spring" group.
Because o f the known la b il ity  o f the indospioine solution in an 
unrefrigerated alkaline medium (Hegarty, 1966) i t  is  most unlikely that 
the embryopathic (dwarfing) e ffe c t  would have become augmented over this 
six-month period.
In view of the sign ificant seasonal variation in foetal mass following 
indospicine administration, i t  was deoided to subject the placental weights 
from that experiment to sim ilar study. I t  can be seen from Table XLVTII 
that the mean placental mass from both groups was O.4O grams.
An analysis o f  variance showed that sign ificant " l i t t e r  e ffe cts" were 
present and influenced placental mass at both seasons -
In Autumn, F. ... = 9*906 and P c  0.0014,43
In Spring, F. -  3*559 and 0.01 C  P C  0.05*
4 * 47
The augmented hierarchical form o f analysis used to compare the 
placental masses o f both seasonal groups gave F., QO -  0.0001 sind P > 0 . 1 0 ,
1 f o¿
i .e .  no seasonal influence is  operable on placental msiss at this dosage 
within these two seasons.
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E ffects of Indospicine on different 
„  Experimental Animals.
In th is study three d ifferent stra in s of laboratory ra ts  were tested 
for their teratogenic response to indospieine. The experiment was 
conducted with the three stra in s simultaneously to obviate d if f ic u lt ie s  
of interpretation due to seasonal influence. Strain s, numbers of animals 
used, and number of c le ft  palates produced are shown in Table XLIX. A 
constant dose of indospicine (2.00 mg/gram) was used throu^iout th is study.
Strain  Used No. of L itte rs
No. of 
Foetuses
No. of 
C left 
Palates
T “
Cleft
Palates
No. of 
Resorptions
T “
Resorptions 
of Implants
Rattus norvegicus 
(Sprague-Dawley) 12 107 60 56.1 17 13*7
Rattus norvegicus 
(Wistar) 11 70 29 41*4 28 28.6
Rattus rattus 
(London Black) 12 110 54 49*1 38 25*7
TABLE XLIX Results of experiments to study teratogenic and 
embryolethal su scep tib ility  of d ifferent stra in s 
to indospicine in a constant dose of 2.00 mg/gram.
A comparison of the teratogenic responses of the two stra in s of 
Rat bus .norvejgicus showed that the difference between their resultant 
percentages of c le ft  palates was sign ifican t only at the ten percent lev e l.
^  *  3*649 (1 degree of freedom)
and 0 . 1 0 > P >  O.05.
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A comparison o f the  em bryolethal e f f e c t s  w ith in  th e se  two s tr a in s  
(as measured, by th e  r e la t iv e  numbers o f  re s o rp tio n s )  showed, however, 
th a t  the  W istar s t r a in  was much more s u s c e p tib le  in  th i s  reg ard  th an  were 
Sprague-Dawleys.
* 7*478 (1 degree o f  freedom ), and
P <  0 .0 1 .
In  bo th  u ran o sch ito g en ic  and em bryolethal re sp o n se s , London Blacks 
re a c te d  in  a  fa sh io n  in te rm e d ia te  between th a t  m an ifested  by the two 
norvegicus s t r a in s .  H is to lo g ic a l s tu d ie s  o f  th e  d ev e lo p in g  p a la te ,  th e  
d e f in i t iv e  in d o sp ic in e -in d u ced  u ra n o so h is is  and h e p a tic  and o th e r  v is c e ra l  
le s io n s  showed th a t  the  response to  the  to x in  fo llow ed  a  oomraon p a t te rn  
(F igu res 72, 214 and 215).
In  the  R attu s  norveg icus s t r a in s  used  in  t h i s  s tudy  the  o ccasional 
f in d in g  of a hydropic  fo e tu s  a t  term  was n o t u n u su a l. In  the  London Black 
s t r a in ,  however, hydropic fo e tu se s  were p a r t i c u la r ly  common, o ccu rrin g  
w ith  a frequency o f 28 p e rc e n t. These fo e tu se s  were q u ite  sm all, b u t many 
d e ta i l s  o f body form were obscured by g ro ss  oedema (F ig u re  216).
Many o f th e se  hydropic  fo e tu se s  were s t i l l  a l iv e  a t  Day 21 o f 
g e s ta t io n , and fe e b le  lim b movements cou ld  be e l i c i t e d  by cutaneous 
s tim u la tio n  fo r  s e v e ra l m inutes a f t e r  hysterec tom y. P la c e n ta l  changes 
accompanying t h i s  phenomenon o f in d o sp ic in e -in d u ced  hydrops f o e t a l i s  a re  
d e sc rib ed  in  C hapter 15*
Most o f th e se  hydropic fo e tu se s  a lso  had c l e f t  p a la te  and th ese  th re e  
phenomena - c l e f t  p a la te ,  dw arfism , and hydropic  change - appeared to  
r e f l e c t  p a r t i c u la r  in d iv id u a l s e n s i t i v i t y  to  the  em bryopathic e f f e c t s  o f
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the toxin. The percentage of hydropic foetuses produced by indospioine 
in this strain of Rattus was roughly dose-dependent.
The cause of this hydropic change has not been fully clarified. It 
is unlikely to be due to oardiao failure following haemolytic anaemia as 
mean bilirubin concentration in the amniotic fluid from eight suoh 
affected foetuses was I.4 micrograms/ml, which did not differ 
significantly from that of six control foetuses which was I.9 micrograms/ml. 
(see Chapter 21).
The foetuses were severely anaemic as can be seen by the absence of 
erythrocytes from the placental labyrinthine capillaries (Figures 263 and 
264)• Total serum protein estimations performed on the serum of hydropic 
foetuses showed that the mean concentration of five such foetuses (exposed 
to 1*3 mg/gram) was less than 2.0 G/IOO ml compared with a mean for 
control foetal serum proteins of 3*2 C/100 ml.
Eleotrophoretic patterns of foetal sera showed a consistent 
significant decrease in the albumin fraction and slightly increased 
alpha-2 globulins. Miorodissection of the hearts of such hydropic 
foetuses did not reveal any congenital cardiac anomaly.
It is thus postulated that the London Black Btrain of Rattus can be 
used as a model for hypoproteinaemio hydrops foetalis and that this 
pathological ohange is probably augmented by oedema from cardiac failure 
due to anaemia* When one studies the severe hepatic degeneration 
produced by indospioine (see Chapter 18) it is not surprising that albumin 
synthesis is impaired.
To test whether indospioine was teratogenic in mice a pilot study
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using five CBA does was undertaken. These were time-mated in a 
controlled manner similar to that described for rats on pages 143 and 
144 except that a glass rod with a fused rounded tip was used in place 
of the platinum loop for vaginal smearing. On Bay 12 a single dose of 
2.00 mg/gram was administered by stomach tube without anaesthesia.
This resulted in complete resorption of all foetuses. A second 
experiment was undertaken using a dose of 1.00 mg/gram which produced 
the results shown in Table L.
Group No. of Litters
No. of 
Foetuses
No. of Cleft 
Palates io Clefts
Control CBA 5 38 0 0
Test CBA 5 55 3 7*9$
TABLE L Results of experiments to test the teratogenicity 
of indospicine (1.00 mg/gram) in CBA mice. 
Indospicine administered on Day 12 of gestation 
by a single gastric intubation.
Lack of adequate supplies of indospicine inhibited further 
investigation of the effect of the toxin in this species. The cleft 
palate so produced involved the full-length secondary palate only and 
appeared in every way identical to the lesion produced by indospicine 
in rats.
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Effects of Implantation Site on the 
Uranoschitogenic Action of Indospioine.
Because of the well-known influence of implantation site on the 
responsiveness of an individual embryo to a known teratogen, twenty-five 
consecutive pregnancies were investigated for such site influences. For 
this study twenty-five Sprague-Dawley does, eaoh exposed on Day 13 to a 
single dose of 1.00 mg/gram of indospioine, were chosen. Laterality 
and implantation site for each foetus were recorded in accordance with 
the method described on page 151*
Firstly, it was found that 54*2$ of all implantations were right­
sided. Reasons for this right-sided preponderance are obscure but tended 
to oocur in all series of this investigation.
Next, it was decided to test whether foetuses in the right uterine 
horn were more susceptible to the uranoschitogenio effects of indospioine 
than those in the left uterine horn. Table LI shows the data obtained 
from this study.
Group Cleft Non-Cleft Total
Right uterine horn 144 88 232
Left uterine horn 96 100 196
Total 240 188 428
TABLE LI Data to study possible influence of laterality 
of implantation on indospioine-induced deft 
palate. Dosage of 1.00 mg/gram administered 
on Day 13 of gestation.
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From th i s  d a ta ,
^  2 «= 3.674 and P >  O.05.
One i s  th e re fo re  forced to  conclude th a t  l a t e r a l i t y  o f im p lan ta tio n  does 
n o t in flu en ce  the te ra to g e n ic  p o te n t ia l  o f in d o sp ic in e . Next, i t  was 
decided to  see whether im p lan ta tion  in  the ovarian  end o f th e  u te r in e  
horn was a sso c ia te d  w ith  d i f f e r e n t  te ra to g e n ic  in flu en ce  when compared 
w ith  th a t  a c tin g  on embryos in  the vag in a l end o f the u te r in e  horn, 
i r r e s p e c t iv e  o f l a t e r a l i t y  o f im p lan ta tio n . Table L II shows th e  d a ta  
from th i s  a n a ly s is .
S ite  o f  Im plan tation No. of C le f ts
No. of 
Normal 
Foetuses
°Jo C le f t  
P a la te s
Total
Viable
Foetuses
Ovarian Segment 122 92 57.O 214
Vaginal Segment 118 96 55.1 214
Total 24O 188 • * 428
TABLE L II L ata showing r e l a t iv e  numbers o f embryos
im planting  in  the  two ha lves o f  the u te r in e  
horns. A ll embryos exposed to  1.00 mg/gram 
in dosp ic ine  on Lay 13 o f g e s ta tio n .
From th is  d a ta ,
^ 2 -  O.376 and P >  0. 10 .
One must th e re fo re  conclude th a t  im p lan ta tion  s i t e  does n o t in flu en ce  the 
u ranosoh itogen ic  p o te n t ia l  a c tin g  on an in d iv id u a l fo e tu s .
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In flu en ce  o f M aternal Weight on 
ü ran o sch ito g en ic  P o te n t ia l  o f  In d o sp ie in e .
I t  i s  a  w ell-recognized, phenomenon th a t  th e  te r a to g e n ic i ty  o f  c e r ta in  
chem ical agen ts  i s  in flu en ced  by m aternal w eight, l a r g e r  (and hence o ld e r  
and h e av ie r)  mothers p ro te c t in g  th e i r  o f f s p r in g  from th e  te ra to g e n ic  
in f lu e n c e  o f th e se  ag en ts .
To t e s t  f o r  such p o s s ib le  in f lu e n c e  in  the  case o f  in d o sp ic in e -  
induoed c l e f t  p a la te ,  m aternal w eights ( a t  concep tion  o f the  f i r s t  l i t t e r )  
have been grouped in  c la s s e s  o f 10 G u n i t s .  F requencies o f d e f t  p a la te s  
and normal o ff sp r in g  w ith in  th ese  groups a re  shown in  Tables L I I I  and LIV 
below.
H[ATERNAL WEIGHT
Group 176- 186- 19 6 - 206- 2 1 6 - 2 2 6 - 2 3 6 - 2 4 6 - TOTAL
185 1 9 5 205 2 1 5 225 23 ■? 245 255
C le f t  P a la te 13 3 1 40 16 16 12 2 5 135
Normal P a la te 21 7 23 14 19 9 5 5 10 3
T otal 34 38 63 30 35 2 1 7 10 238
TABLE L II I  Data from experim ents to  study  p o s s ib le  
in flu en c e  o f m aternal w eight (and hence 
age) on th e  s u s c e p t ib i l i ty  o f  h e r 
o f f s p r in g  to  th e  u ran o sch ito g en io  e f f e c t s  
o f  1.00 mg/gram in d o sp io in e  adm in is te red  
on Day 13*
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MATERNAL WEIGHT
Group 146- 166- 176- 186- 196- 206- 2 16 - 226- TOTAL
16 ^ 17 5 185 1?5 20 ■? 219 225 235
Cleft Palate 6 7 3 9 1 4 5 1 36
Normal Palate 2 23 24 22 23 34 2 35 165
Total 8 30 27 31 24 38 7 36 201
TABLE LIV Bata from experiments to study possible
influence o f maternal weight on indospicine 
teratogenicity. Indospicine dosage o f 
0 .5  mg/gram administered on Day 13*
As the intra-class numbers in some o f  these groups sire quite small, 
the appropriate form o f analysis is  a "rank" test to show or disprove a 
steady trend. Using this
Variance" 7 F s  f^or  1 o f freedom)-
For the 1.00 mg/gram series shown in Table LIII,
S - 1202
X .2 - 13 .4 6 7
and P < 0.001
For the dossige series o f  0 .5  mg/gram,
S -  1799,
yj- -  8.288
and 0.01 > P >  0.001.
Therefore, one is  foroed to the conclusion that maternal weight
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(and therefore age) has a significant effect on indospicine teratogenicity 
even if dose-weight constancy is preserved; and that the younger and 
lighter a mother is the greater is the chance that her offspring will 
develop cleft palate if exposed to indospicine.
Effects of Foetal Sex on the 
Expression of Indospioine Teratogenicity.
Other workers studying hepatotoxic effects of indospicine have 
reported that females seem to be particularly susceptible to the toxin 
(Christie, 1966). In addition, it is well accepted that cleft palate 
alone, and cleft lip with or without cleft palate, have distinct sex 
predominances (Reed, 1936; Gruneberg, 1952A). In the human species 
isolated cleft palate ooours more commonly in females than in males 
(ratio of 3.5 t 1 ) whereas cleft lip with or without cleft palate occurs 
more oommonly in males (ratio of I.14 * 1) (Mellin, 1963)«
For this reason it was considered desirable to study the influence 
of sex on restii ting indospicine-induced embryopathy.
To do this the sex of foetuses of thirty-three consecutive litters 
was studied. Alternate litters were exposed to 1.00 mg/gram of 
indospioine on Day 13 of gestation. Results are shown in Table LV.
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Group No. of L itte r s
No. of 
Males
No. of 
Females
Ratio of 
Males to 
Females
Controls 16 96 88 1.091
Indospioine 
(I.OO mg/gram) 15 82 74 1.108
Total 33 178 162 -
TABLE LV Results o f experiment to investigate 
relationship between indospioine and 
fo eta l sex. Foetuses exposed to 
1.00 mg/gram indospioine on Day 13 of 
gestation.
I t  can immediately be seen that a preponderance of male foetuses 
occurs in both the control and the indospioine-exposed groups. An 
analysis to determine whether indospioine influenced the sex ra tio  of 
offspring exposed to i t  showed
7 C 2 “  0 .0 0 4 8
and P >  0.10.
I t  can thus be seen that indospioine in no way influences the sex 
ra tio  at term. Next, the I 56 indospioine-exposed foetuses were 
analysed to see whether c le ft  palate was more lik e ly  to occur in one 
o f the sexes. Data for th is analysis i s  shown in Table LVT.
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SEX CLEFT PALATE NORMAL PALATE TOTAL
Females 43 31 74
Males 43 39 82
Total 86 70 15 6
TABLE LVT Results of experiment to study indospicine- 
induced cleft palate in its relation to 
foetal sex. All foetuses exposed to 
1.00 mg/gram of indospicine on Day 13 of 
gestation.
From this,
n
^  - O .506 (1 degree of freedom)
and P >  0.10.
Therefore one is forced to conclude that foetal sex does not 
influence the uranoschitogenic action of indospicine.
Teratogenicity of Pure Indospicine.
Although the oontrolled experiments described in Chapter 7 strongly 
implied that it was the indospicine fraction itself of the Indigofera 
spicata extract that was the uranoschitogenic substance, it was necessary 
to demonstrate this unequivocally by using the pure substance.
Purified and dried crystalline indospicine was kindly supplied for
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this experiment by Dr. M.P. Hegarty. Ten does were time-mated using 
standard teratologica! techniques. On Day 13 o f gestation a dose o f 
2.00 mg/gram o f pure crystalline indospicine dissolved in 2 mis. o f 
d is t ille d  water was administered by stomach tube to five o f these. Three 
subsequently were found to have viable young when examined at Day 21 o f 
gestation. Results are shown in Table LV1I.
Group No. o f No. o f No. o f  C leftL itters Foetuses Palates
Controls 5 54 0
Pure Indospicine Group 3 16 13
TABLE LYII Table showing results o f experiments to 
establish the teratogenicity o f pure 
indospicine. Toxin administered in a 
dose o f 2.00 mg/gram on Day 13 of 
gestation.
The 81.3 percent o f o le ft  palates so produced confirmed that 
indospicine i t s e l f  was the active uranoschitogenic principle in 
Indigofera spioata. The morphology o f the c le fts  so produced was 
identical with that produced by the crude extraot.
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Studies on the Stability of the 
Uranoschitogenic Potential of Stored Indospioine.
The major experiment in this study was to compare the uranoschitogenic 
potential of the indospioine solution after storage in slightly acid 
solution for one year at 4°C. A stock solution was used in February of 
one year and produced an incidence of 80 percent of cleft palates when 
administered in a dose of 2.00 mg/gram.
Two litters only were exposed to the same stored solution (kept 
expressly for the purpose) twelve months later, again in February. Of 
twenty-one foetuses produced, thirteen (i.e. 61.9 percent) had cleft 
palate. Although these numbers are too small to evaluate statistically, 
a "value judgment" suggests that significant loss of uranoschitogenic 
potential has not occurred. In the experiments described to study the 
dwarfism-producing effects of the toxin it will be recalled that mean 
foetal weight was less than that of foetuses exposed to the toxin prior 
to six months' storage.
Another experiment was conducted to test for thermolability of 
uranoschitogenic potential- Ten does had been exposed to the toxin in 
early April and its teratogenicity established in that a dose of 
1.00 mg/gram produced 6 9 .5 percent cleft palates among the offspring.
A small aliquot of this solution was then stored for five weeks out of 
the refrigerator where it remained at ambient room temperature (65-80°F). 
Three does were subsequently treated with 1.00 mg/gram of this 
unrefrigerated toxin. Of twenty-eight foetuses produced, only one had
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a cleft palate.
The appropriate analysis shows
■ 41*740 (1 degree of freedom)
and P <  0.001.
In other words, indospicine loses virtually all its uranoschitogenio 
potential if not stored at 4°C.
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CHAPTER 17-
Amniotic Fluid Studies.
A study of the ainniotic fluid from the gestational saos of both 
indospioine-exposed and control foetuses has been undertaken in two ways.
Firstly, the volumes of ainniotic fluid in which the foetus is 
supported at successive stages of gestation have been measured, and 
comparisons drawn between the control and the test groups. This is of 
particular interest as it has been shown that meclozine hydrochloride 
("Aneolan") causes a significant polyhydramnios at the expected time of 
palate closure (Kendrick and Weaver, 1963)*
Secondly, spectrophotometric studies of amniotio fluids have been 
performed to (a) determine whether significant haemolysis had oocurred, 
and (b) to determine whether abnormal substanoes were present in the 
amniotic fluid of indospioine-exposed embryos. To be detected such 
substanoes would, of course, have to possess significant absorbance 
patterns in the wave-length range tested. The details of these two 
methods of amniotic fluid study have been presented in Chapter 6.
Amniotic fluid weis kept in the dark after collection and prior to 
spectrophotometric examination as the pigment concentration of bilirubin 
is known to be photolabile (Oski and Naiman, 1966c).
The study of bilirubin levels has been prompted by the resemblance 
of the hydropic foetuses (shown in Figure 216) to human infants with
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erythroblastosis foetalis. Furthermore, the studies of foetal placentae 
from hydropic foetuses have revealed a marked anaemia and it was hoped 
such a study might reveal whether or not it was haemolytic in type.
Table LVIII shows the results of amniotic fluid volume measurements 
for the one hundred and thirty-three control foetuses used in this study.
Foetal
Age
No. of 
Foetuses
Mean 
Foetal 
Mass (G)
Mean S.G. of 
Amniotic 
FLuid
Mean 
Volume 
of Fluid
Ratio of 
Volume to 
Foetal Mass
Day 13 10 0 .0710 0.9758 0.182 2.58
14 20 O.I4IO I.OO49 O.26O 1 .8 4
15 20 O .2705 0.9849 0.358 1 .3 2
16 20 O .4466 1.0058 O.46I 1 .0 3
17 20 0.8188 1 .0 10 5 O .573 O .70
18 20 1-3978 1.0090 O .672 O.5O
19 18 2.2338 1.0076 O .765 O .34
20 20 3 .54IO 1.0118 O.7OO O . 1 7
21 5 5.2562 1.0138 O.35I O .07
TABLE LVIII Results of measurements of foetal mass, 
specific gravity and volume of amniotic 
fluid at successive days of gestation 
among 133 control foetuses.
It is universally observed that the volume of amniotic fluid present 
diminishes very significantly on the last two days of gestation. This 
can be seen quite easily in Figure 7 which shows how the foetal membranes 
are relatively moulded about the foetus at term. Upon application of an
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a n a ly s is  o f  variance  to  the  in d iv id u a l S.G. read in gs (from which the  mean 
am niotic f lu id  S.G. in  column 4 was c a lc u la te d )  o f Day 13 to  Day 19 
fo e tu se s ,
F6 126 » 1.84 and P > 0 .0 5 -
The observed tu rb id i ty  o f the  am niotic f lu id  a t  term , i t s  h igh ly  
v is c id  n a tu re , and the observed in c rea se  in  mean s p e c if ic  g ra v ity  allow  
one to  s t a t e  as a value judgment th a t  a s ig n if ic a n t  in c rea se  in  S.G. 
oocurs in  th e  l a s t  two days o f g e s ta tio n .
Table LIX shows the r e s u l t s  o f the am niotic f lu id  vo lum etric  s tu d ie s  
on fo e tu se s  exposed to  a s in g le  dose o f 1.00 mg/gram indosp io ine  on Day 13 
o f g e s ta tio n .
F oeta l
Age
No. of 
Foetuses
Mean 
F oeta l 
Mass ( g)
Mean S.G. o f 
Amniotic 
F lu id
Mean Volume 
o f FLuid 
(m is .)
R atio  o f 
Volume to  
F oeta l Mass
Day 1 4 13 0.1938 I.OO52 O.3I 9 1 . 6 4
15 20 O. 2 4 6 4 0.9758 0.380 I . 5 4
16 9 0.3378 1.0110 O .5OI 1.48
17 10 O.6 3 IO 1 . 0 1 1 9 O. 6 0 4 0 . 8 7
18 20 O.9 9 8O I . 0 1 4 O O.7 I 8 O. 6 7
19 20 I . 4 0 5 8 1.0085 0.856 0.61
20 8 1 . 9 0 4 5 I.O I4 4 O.8 5 O O. 4 5
21 13 2.7968 1.0188 0.633 O. 2 3
TABLE LIX R esu lts  o f  am niotic f lu id  s tu d ie s  on 113 
fo e tu se s  exposed to  a s in g le  dose o f 
1.00 mg/gram indosp io ine  on Day 13 o f 
g e s ta tio n .
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I t  can be seen th a t  the  S.G. does n o t vary s ig n if ic a n t ly  u n t i l  
Day 20 o f g e s ta tio n  (F * 2 .01; P > 0 .0 5 ) «  However, s im ila r  to  the 
p a tte rn  observed in  th e  o o n tro l fo e tu se s , the  S.G. r i s e s  s ig n i f ic a n t ly  in  
the l a s t  two days o f g e s ta tio n , and th e  ad m in is tra tio n  o f an uranoac h ito -  
gen ic  dose o f in dosp io in e  does n o t in h ib i t  th i s  tren d .
F igure 309 shows th e  r e la t io n s h ip  between am niotio f lu id  volume and 
g e s ta tio n a l age fo r  bo th  o o n tro l and indosp ic ine-exposed  groups. I t  oan 
be seen th a t  the  a b so lu te  volume o f am niotio f lu id  i s  in c rea sed  a t  a l l  
days o f  g e s ta tio n , i . e .  fo llo w in g  indosp io ine  dosage an a b so lu te  po ly ­
hydramnios occurs up to  and in c lu d in g  term  (Day 21 ) .  A p a r t ic u la r ly  
s ig n if ic a n t  segment o f  the  curve i s  th a t  fo r  the  fo r ty -e ig h t  hour pe rio d  
fo llow ing  to x in  a d m in is tra tio n . Here i t  oan be seen th a t  th e  r a t e  o f 
ab so lu te  f lu id  volume form ation appears to  in c rea se  (F igure 309)»
I t  w il l  be r e c a l le d  from Chapter 14 th a t  s ig n if ic a n t  changes occur 
in  fo e ta l  mass du rin g  th i s  p e rio d  (see  a lso  F igure 307); th u s , r e l a t iv e  
to  a changing fo e ta l  s iz e  ab so lu te  volumes o f am niotio f lu id  have l i t t l e  
s ig n if ic a n c e . To in te r p r e t  the s ig n if ic a n c e  o f volum etrie  changes in  
amniotio f lu id  i t  has thus been necessary  to  c a lc u la te  the am niotio f lu id  
vo lum e/foeta l mass r a t i o  (AM r a t i o ) ,  increm ents in  th is  r a t io  re p re se n tin g  
s ig n if ic a n t  polyhydramnios i r r e s p e c t iv e  o f abso lu te  fo e ta l  s iz e .
A most in te r e s t in g  p a tte rn  i s  rev ea led  when one p lo ts  th i s  AM r a t i o  
a g a in s t g e s ta tio n a l age. Curves re p re se n tin g  th i s  r e la t io n s h ip  ( fo r  both 
indospioine-exposed and c o n tro l fo e tu se s)  a re  shown in  F igure 310. I t  
can be seen th a t  th i s  e f f e c t  i s  maximum a t  9*00 a.m. on Day 16 o f 
g e s ta tio n . Reference to  F igures 138, 139» 140 and H I  in  Volume 2 of
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this thesis shows the degree of palatine development at this stage. It 
oan be seen that (Figure 1 4 1) ahelf rotation is occurring but that medial 
growth is just beginning. It is at this crucial stage, also, that the 
tongue is beginning to descend in the hitherto oommon oro-nasal cavity 
(Figure 140)* The time of final palate closure is marked in Figure 310.
In summary, a significant relative polyhydramnios occurs at the most 
critical time of shelf movement and palatine organogenesis following 
indospioine administration seventy-two hours previously. The relative 
volume of amniotic fluid (indicated by the AM ratio) increases at this 
stage by 43*7 percent. Thereafter the relative volume of amniotic fluid 
remains high until examination of the foetus on Day 21. It is interesting 
that polyhydramnios is thus shown to be associated with two relatively 
site-specifio uranosohitogens, indospicine and meclozine hydrochloride 
(Kendrick and Weaver, 1963)*
Table LX shows the results of assessment of mean bilirubin 
concentrations in the amniotic fluid from four experimental groups of 
foetuses examined on Day 21 of gestation. These bilirubin samples were 
calculated from spectrophotometric studies using suitable corrections for 
turbidity peaks, etc.
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Treatment Group No. of Foetuses
Mean
Bilirubin  
Concentration 
pugrams/ml. )
•'Canavanine control” Controls 6 1.9
1.0 mg/g indospicine Wistar - c le f t  palate 8 1.8
2.0 mg/g indospicine London Black -  c le ft 8 1.4
2.0 mg/g indospicine Sprague-Dawley - c le ft 8 1.6
Meclozine HCl. Sprague-Dawley - c le ft 8 1.8
TABLE LX Bilirubin  concentrations in the amniotie
flu id  of control and c le ft-p a la te  foetuses.
An analysis of variance performed on the individual readings from 
which the mean b ilirubin  concentration shown in Table LX was calculated 
did not reveal any sign ifican t difference between the five experimental 
groups studied. This re su lt may be interpreted in several ways. F ir stly , 
i t  may be considered that haemolysis has not occurred. Secondly, that 
haemolysis has occurred but that concomitant hepatic or placental damage 
has prevented sign ifican t breakdown on the haemolytic products to 
b iliru b in . Finally , i t  i s  possib le that haemolysis has occurred rapidly, 
say by Day 15 or Day 16 , and that haemopoietic inhibition has also  been 
produced. Thus by Day 21 evidence of e a r lie r  haemolysis, measured by 
speotrophotometric study of the amniotie flu id , might have disappeared.
In the human foetus, decreased erythrocyte production in cases of severe 
haemolysis i s  well recognized, but poorly explained (Oski and Naiman, 1966b). 
A commonly-accepted explanation i s  erythropoietic depression due to chemical
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toxins, one of which is  probably bilirubin i t s e lf .
With regard to the second p o ss ib ility  mentioned above, i t  is  
interesting to note that Schenker et a l . (1964) have shown that in 
guinea-pigs carbon-14 labelled bilirubin injected into the foetal 
circulation is  largely cleared into the maternal circulation, a process 
thought to be mediated via  the placenta (Oski and Naiman, 1966a). In 
view of the severe plaoental changes produced by indospicine (see 
Figures 248 to 266) i t  is  a l l  the more lik e ly  that i f  haemolysis han 
occurred, decreased clearing of the resulting bilirubin (consequent on 
plaoental damage) would produce a sig n ifica n tly  raised araniotic bilirubin  
concentration.
With regard to the third p o ss ib ility  -  that earlier haemolysis mi^it 
have occurred but be undetectable at term - a ll  analogy to primate 
examples suggests that suoh an explanation is  unlikely. In the human 
species, in tra -vas otilar haemolysis in the foetus is  followed by a 
biliru bin content in the amniotic flu id  roughly proportional to the 
degree of foetal anaemia (Walker, Fairweather and Jones, 1964)« In this  
circumstance amniotio flu id  estimation of biliru bin is  known to be one 
of the most valuable indicators of foetal haemolysis (Bevis, 1956).
One is  thus forced to accept the most lik e ly  conclusion -  that the 
model of hydrops fo e ta lis  produced by indospicine is  almost certainly not 
due to a form of haemolytic anaemia. In this regard i t  is  interesting to 
re c a ll that Dyggve (i960) han shown a relationship between maternal 
hydramnios and hydrops fo e ta lis  not associated with foetal haemolysis.
Finally, a study of the absorption curves for the amniotio flu id
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samples from both control and indospicine-exposed foetuses has not 
revealed any qualitative differences between the two groups. Figure 306 
shows suoh a ourve from a Rattus norvegicus foetus (Wistar strain) with 
cleft palate. It can be seen that normal methaemalbumin and oxyhaemo- 
globin peaks are present and no qualitatively abnormal band can be 
discerned over this wave-length range.
Summary.
Volumetric and spectrophotometric studies of amniotio fluid from 
the gestation sacs of foetuses with indospioine-induced cleft palate have 
been undertaken. Indospioine causes an absolute polyhydramnios in 
uranoschitogenic doses. If concomitant indospicine-induced ohanges in 
foetal size are considered a relative oligohydramnios occurs for thirty- 
six hours after administration, but a significant relative polyhydramnios 
follows, and reaches a peak (143.7 percent) at the time of palatine shelf 
rotation and the commencement of medial growth.
The significant increase in the specific gravity of amniotic fluid 
at term that ocours in normal foetuses is not influenced by indospicine. 
Analyses of the bilirubin content of the amniotio fluid from hydropic and 
other foetuses with indospioine-induoed cleft palate suggests that 
haemolysis is not the cause of the profound anaemia observed in hydropic 
foetuses at term.
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CHAPTER 18.
Histological Changes in Foetal Viscera 
following Indospicine Administration.
All foetal tissues have been examined histologioally by routine 
techniques. This study has included examination of histological changes 
detectable at earlier foetal periods, but as such changes differ only in 
degree from those seen at term the definitive histopathology at Day 21 
only will be described.
Liver.
The indospicine-affected foetal liver is disproportionately reduced 
in size, the right segment of the median lobe being particularly reduoed 
in bulk (see Figure 267). In all cases normal lobar structure is 
preserved.
The significant histological features of the normal full-term liver 
of Rattus norvegicus are shown in Figures 268, 2Ó7, 273 and 274* It oan 
be seen that active haemopoietic tissue is a prominent histological 
feature of the liver at this stage of development and the full series of 
erythropoietic precursors can be identified. In addition, significant 
numbers of megakaryocytes are seen (Figures 268 and 273)-
In control foetuses glycogen stores are high and hepatocytes are 
extremely vacuolated at this stage of development (Figures 269 and 273).
3 3 3 -
In H. and E. preparations the hepatocyte nuclei appesir to be surrounded 
by irregular tags o f eosinophilic-staining cytoplasm. The tubular 
architecture o f foeta l hepatocytes with a central canaliculus (a 
phenomenon common to many mammalian Genera) is  quite prominent 
(Figure 274)- Bile ductules and Canals o f Hering are readily identified  
(Figures 269, 275 and 2 7 J ) .  The lobular architecture o f the rodent liv e r  
is  also apparent (Figures 268 and 269) .
Following indospioine dosage on Day 13 o f gestation, a number of 
dramatic changes occur which cause sign ificant deviations from these 
basic normal patterns o f development. These w ill be discussed under 
three headings -  (a) Changes in the parenchymal c e lls , (b) Changes in 
hepatic architecture, and (c ) Changes in haemopoietic tissue.
Changes in Parenchymal Cells
At a ll dosage-levels of indospioine hepatocytes manifest increased 
cytoplasmic staining. The normal appearance o f flu ffy  vaouolation is 
lo s t  and the cytoplasm appears more dense and homogeneous (Figures 2 7 1 , 
278 , 281 and 283) .  As the foetal liv e r  at term normally has a high 
glycogen content and the macroscopic e ffe cts  o f indospioine include a 
sign ificant reduction in hepatic size and weight (see Figure 267) i t  is  
reasonable to suppose that this apparent loss o f cytoplasmic vaouolation 
is  due to glycogen depletion. This indospioine e ffe ct  o f an increased 
propensity for  cytoplasmic staining increases proportionately with 
increasing indospioine dosage. At a dosage o f 3«00 mg/gram this e ffe ct  
is  extreme (Figure 282) .
Secondly, indospioine produces a dramatic increase in nuclear size
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with a resultant increase in the nuclear-cytoplasmic ratio (compare 
Figure 272 with Figure 274* See also Figures 276, 278> 279 and. 281).
The nuclei from livers exposed to high-dosage indospicine 
(i.e. 2.00 mg/gram or greater) are occasionally three times the diameter 
of the largest from those of the control series. This observation is 
consistent with that noted in maternal rat livers poisoned with 
indospicine (Christie, personal communication; Pound, personal 
communication). The nuclear chromatic pattern is a little less dense 
than that of normal oontrols.
Thirdly, significant changes are produced in nucleoli. These are 
significantly increased in size and stain very intensely with eosin 
(Figures 272, 276, 276 and 281). They become dense and spherical and 
are clearly demarcated due to the decreased chromatio content of the 
encasing nuclei. One has the impression that they are possibly increased 
in number but this point has not been established statistically.
Fourthly, an apparent increase in the mitotic rate of hepatocytes 
occurs. Whether or not the increased percentages of mitotic figures 
seen in indospicine-affected hepatocytes reflects a real increase in 
mitotic rate or whether it is a manifestation of a colchicine-like 
effect remains to be elucidated, and tissue-cuiture studies are planned 
to investigate this phenomenon further. The prominent mitosis-containing 
hepatocytes sire found both sis isolated cells and as members of acinar- 
structures (Figures 279 > 281 and 282). Many of the mitotic figures are 
large and bizarre (Figure 279) but all phenes up to and including 
telophase have been identified.
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Fifthly, an increased mitotic rate is observed in bile-duot 
epithelial cells (Figure 280) but in this situation no abnormality of 
the mitotio figures themselves has been observed.
Changes in Hepatio Architecture
Following administration of low doses of indospicine 
(e.g. 0«5 mg/gram) on Day 13 of gestation, significant tubular 
transformation of hepatic plates occurs, i.e. an accentuation of the 
foetal pattern of architecture. (This reversal to a tubular arrangement 
of oells is seen also in non-specific toxic states in the human liver). 
This process is seen more prominently in the peri-central zones. The 
central canaliculus also appears more dilated when compared with those 
from normal controls.
As the dose of indospicine is increased significant disarray in 
lobular patterns becomes obvious. These changes occur throughout the 
liver but are seen in most severe degree in the caudate lobe (Figure 270). 
In this area all lobules are affected and central veins and portal tracts 
do not form recognizable lobular units. Masses of bile ductules 
proliferate haphazardly and appear to radiate from bile duct branches 
arising in the porta hepatis.
With doses of indospicine in the 0. 5 mg/gram to 2.00 mg/gram range 
tubular formation beoomes very marked and dilatation of the oentral 
canaliculus extreme (Figures 271 * 281, 282 and 283). In cross-section 
these hepatocyte tubules resemble acinar structures. Abnormal lobular 
patterns also occur and the intra-hepatic portal systems are dramatically 
changed. The portal veins are smaller than those of control foetuses and
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are often not accompanied by bile ducts. No canals of Hering have been 
observed in this high-dosage series.
With doses of indospicine exceeding 2.5 mg/gram, the tubular pattern 
is completely lost and the hepatocytes appear to be arranged either in 
irregular amorphous sheets and clumps or in structureless cords 
(Figure 278). No canals of Hering can be seen.
Changes in Haemopoietic Tissue
The erythropoietic cells are qualitatively unchanged even at high- 
dosage levels of indospicine (Figures 272 and 279)» tut these erythrocyte- 
precursors appear to be more densely aggregated than normal and are 
possibly increased in numbers (Figures 2 7 I, 276 and 282). Whether this 
is an absolute increase or simply represents the sequelae of lobular 
collapse is uncertain. Megakaryocytes remain unchanged (Figure 272).
Study of Hepatic Tissue from Foetuses with Meclizine-induced cleft palate.
The livers from ten foetuses exposed to uranoschitogenic doses of 
meclizine hydrochloride ("Ancolan") were studied histologically. Nine 
of these foetuses had cleft-palate; most had some evidence of glosso- 
palatine fusion. No abnormal changes were observed in any of these and, 
using a slide-masking technique and code to obviate observer bias, no 
significant deviations from the normal histological pattern were documented. 
Using a similar technique the writer was able to distinguish completely 
between indospicine-exposed livers and meclizine-exposed livers and 
between indospicine-exposed livers and those from control foetuses.
337-
Kidney.
The n o m a i kidney o f th e  twenty-one day R attus norvegious fo e tu s  
shows w ell-developed m etanephric s t ru c tu re s  and a w e ll-d e fin ed  c o l le c t in g , 
c a ly c e a l, and p e lv ic  system. Proxim al and d i s t a l  tu bu les a re  more c le a r ly  
demarcated h is to lo g ic a l ly  than in  th e  a d u lt  roden t kidney. The ren a l 
capsule  i s  c le a r ly  defined . The p e lv is  i s  r e la t iv e ly  la rg e  and care  must 
be taken n o t to  confuse th i s  appearance w ith  th a t  o f hydronephrosis.
Indosp ic ine  to x ic i ty  r e s u l t s  in  a decrease in  re n a l mass b u t th is  
i s  n o t a d isp ro p o rtio n a te  red u c tio n  in  s iz e  when concom itant som atic 
dwarfism i s  a lso  taken in to  account. No change in  the prom inent embryonic 
f i s s u r in g  o f the co rtex  or i t s  en shea th ing  re n a l capsule  has been found.
The e f f e c ts  of in dosp ic ine  on the kidney a re  lo c a liz e d  to  the 
proxim al tu bu les where se v e ra l im portan t p a th o lo g ica l fe a tu re s  are  
observed. The proximal tu b u le s  are  s ig n i f i c a n t ly  d i la te d  and th is  
p rocess i s  observed throughout a l l  a rea s  o f the kidney. Hydropic change 
and cloudy sw e llin g  are p re se n t alm ost u n iv e rs a lly  in  th ese  tu b u le s  and 
fo llow ing  high dosage ( i . e .  2.00 mg/gram) i r r e g u la r  zones o f fran k ly  
n e c ro t ic  tubu les can be seen.
Large numbers of hya line  d ro p le ts  a re  p re se n t in  the  lumina o f le s s  
sev e re ly  a ffe c te d  proximal tu b u le s . These bod ies are  sm all (3“ 5yu), 
e o s in o p h ilic  and q u ite  dense. Whether they re p re se n t n u c le o li  (which 
they  resem ble) o f n e c ro tic  tu b u la r  n u c le i o r g lobules of in sp is sa te d  
p ro te in aceous m ate ria l i s  u n c e rta in  a t  th i s  s tag e . No change i s  p re sen t 
in  the  n u c le i o f these  tu b u la r  o e l l s .
No p a th o lo g ica l changes have been produced in  th e  d i s t a l  o r
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collecting tubules, or in the undifferentiated, mesenchymal cells which 
are normally abundant and a prominent feature of the medulla of the 
foetal kidney. In spite of the effects of indospicine on the proximal 
tubule no effect is seen on the glomerular structures. The normal 
active mitosis of glomerular cells is unchanged and there is no change 
in the nuclear, nucleolar or chromatic pattern of the glomerular cells.
Heart.
The normal rodent foetal heart at term is composed of a well- 
defined syncytium of glycogen-containing, well differentiated cardiac 
cells with easily-recognizable cross-striations. After high-dosage 
indospicine the glycogen becomes depleted and the cross-striations 
become indistinct or, after doses of 3*00 mg/gram, become unrecognizable. 
No change occurs in the shape, distribution or chromatic pattern of the 
box-like nuclei.
A quite definite increase in the number of mitotic figures is 
apparent but, as in the similar effect noted in hepatocyte nuclei, whether 
this reflects a true inorease in mitotio rate or simply a prolongation of 
the duration of mitosis remains unresolved. The significance of this 
observation must await further study. In the normal foetal myocardium 
at term occasional mitoses only can be identified but after high-dosage 
indospicine some low power fields depict two or three qualitatively-normal 
mitotic figures.
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Pancreas.
The normal rodent foetal pancreas is readily identified maoro- 
scopically as a white granular sheet which lies partly behind the stomach 
and partly in the mesentery. Apart from a reduction in bulk (another 
manifestation of the generalized somatic dwarfism) the organ remains 
qualitatively unchanged macroscopically following high-dosage with 
indospicine (e.g. 2.00 mg/gram).
Microscopically indospicine produces a marked and readily 
identifiable histopathogenic effect. Normally, the exocrine system 
consists of densely packed acini with basal nuclei largely obscured by 
a dense zone of zymogenic granules (Figures 285 and 286). These acini 
axe aggregated into lobules (Figure 285) each of which forms one of the 
macroscopically visible granules described above. A delicate, 
progressively-branching duct system is well developed by Lay 21 of 
gestation (Figures 285 and 286). Islets of Langerhans are composed of 
densely-aggregated spherical mewses of pale-staining nesidiocytes 
(Figure 286).
Following high-dosage with indospioine the pancreatic tissue becomes 
oedematou8 and changes etre observed both in the exocrine end in the Islet 
systems. Zymogenic granules completely disappear leaving the nuclei of 
the pancreatic cells thrown sharply into relief (Figures 284 and 287). 
Some loss of nuclear basophilia also occurs. Nesidiocytes no longer 
form discrete spherioal Islets but become scattered diffusely from the 
core of the Islet (Figures 284 and 287). This "exploding" of the 
nesidiocyte nidus occurs with increasingly dramatic effect as dosage
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in c r e a s e s .  The lo s s  o f  zymogenic g ra n u le s  cau ses  th e  cy to p lasm  o f  
e x o c rin e  c e l l s  to  s t a in  a  homogeneous b r ic k -re d . c o lo u r , and t h i s  
a l t e r a t i o n  in  t i n c t o r i a l  p r o p e r t i e s  a llo w s an o b se rv e r  to  s t a t e  
u n e q u iv o c a lly  t h a t  a  f o e t a l  p a n c re a s  h as been  exposed to  in d o s p ic in e  
sim ply  by h o ld in g  th e  s l i d e  up to  th e  l i g h t .
Lungs.
The lu n g s  a re  s m a lle r  in  s i z e  b u t q u a l i t a t i v e l y  unchanged 
m a c ro sc o p ic a lly  in  th e  in d o s p ic in e  s e r i e s  o f  fo e tu s e s .  M ic ro s c o p ic a lly , 
no c o n s ta n t  ab n o rm a lity  h as been o bserved  in  th e  c o l la p s e d  a lv e o la r  
spongework b u t in d o sp ic in e -e x p o se d  fo e tu s e s  show d ec re a se d  s u p ra -n u c le a r  
v a c u o la tio n  o f  th e  b ro n c h ia l  l i n i n g  c e l l s .  The s ig n i f ic a n c e  o f  t h i s  
o b s e rv a tio n  must aw a it f u r t h e r  s tu d y . The p a r a - b ro n c h ia l  lymph f o l l i c l e s  
a re  unchanged.
A d re n a ls .
M acro sco p ica lly , th e  in d o sp ic in e -e x p o se d  a d re n a l i s  a  l i t t l e  d a rk e r  
th a n  i t s  c o n tro l  c o u n te rp a r t .  M ic ro s c o p ic a lly , th e  n u c le i  show a  sm all 
b u t  d e f i n i t e  in c re a s e  in  s i z e  which i s  m ost c le a r l y  seen  in  th e  zonae 
f a s c i o u l a t a  e t  r e t i c u l a r i s .  No d e f i n i t e  in c re a s e  in  n u c le o la r  s iz e  has 
been  dem o n stra ted .
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0 ther Tissues.
The oesophagus, spinal cord, stomach, duodenum, colon, and samples 
of bone and cartilage have been examined histologically but no changes 
have been produced following high dosage (2.00 mg/gram) indospicine 
administration.
Summary.
Histopathological changes following administration of urano- 
schitogenic doses of indospicine are described. Pathognomonic features 
of indospicine toxicity have been observed in liver and pancreas and 
these are enumerated and illustrated in detail- Non-specifio changes 
in the kidneys and heart are also reported.
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CHAPTER 19.
Studies of the Effects of Indospicine 
on the Umbilical Cords of Foetuses with Cleft Palate.
A series of twenty-five umbilical cords from control twenty-one day 
old foetuses was examined histologically. These were paraffin embedded 
and cut at right angles to their long axis and stained with haematoxylin 
and eosin. An additional five umbilical cords from control foetuses 
(each from a separate litter) were studied by serial sectioning. From 
each of these five umbilical cords two four-millimetre segments were cut, 
one segment joining the foetal abdominal wall and the other the placenta.
Similarly, the cross-sections of the umbilical oords from thirty-five 
foetuses with indospicine-induced cleft palate were examined, and an 
additional five cords from cleft-palate foetuses were subjected to serial 
sectioning.
The morphogenesis of the umbilical cord in Rat tus norvegicus was also 
studied in both control and indospicine-exposed foetuses. In this study 
three foetuses from both test and oontrol groups were studied at each day 
of gestation after Day 15» using serial sectioning techniques. Foetuses 
were embedded in paraffin with the cord positioned at right angles to the 
coronal plane and serial sections cut down to the origins of both 
vitelline and allantoic vascular components.
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Def in i t i v e  Morphology o f the  Horma! U m bilical Cord.
The anatom ical components o f the  u m b ilica l cord o f H attus norvegicus 
a t  term are  shown in  the s e r ie s  o f photographs shown in  F igures 223 to  
241.
In  the twenty-one day o ld  fo e tu s  the cord i s  composed o f both 
a l la n to ic  and v i t e l l i n e  e lem ents. The v i t e l l i n e  a r te ry  a r is e s  from the 
su p e rio r  m esenteric  a r te ry  and the  v i t e l l i n e  vein  runs in to  the  p o r ta l  
venous system . These two v a sc u la r  components can be s tu d ied  as d is c re te  
elem ents w ith in  the abdominal c a v ity  o f the  fo e tu s  (F igure 223).
As one approaches the p o s te r io r  aspec t o f  the a n te r io r  abdominal 
w all the two v i t e l l i n e  v e sse ls  fu se  and jo in  w ith  the  d e f in i t iv e  
a l la n to ic  vein  to  form a d is c r e te  v a sc u la r  u n i t  (F igure 224). A s in g le  
a l la n to ic  a r te ry  (alm ost always the  r ig h t )  runs w ith i t s  f ib ro sed  and 
o b l i te r a te d  co u n te rp a rt in  th e  u rachal remnant where i t  jo in s  w ith  th e  
v i t e l l i n e  element to  form a common fun io  le a sh . This fusion  occurs a t  
the  p o in t o f p e n e tra tio n  through the a n te r io r  abdominal w all.
As the cord leaves the fo e tu s  the a l la n to ic  a r te ry  and vein a re  w ell 
d i f f e r e n t i a te d  from, and a re  la r g e r  than , the v i t e l l i n e  a r te ry  and vein  
(F igures 225 and 226). As they leave th e  a n te r io r  abdominal w all th ese  
fo u r v e sse ls  are  surrounded by a  densely-packed, c ircu m fe re n tia l la y e r  o f 
f ib r o b la s ts .
The v e s t ig ia l  remnants o f the v i t e l l i n e  c av ity  a re  u n iv e rsa lly  
p re se n t (F igures 225, 226 and 227)* Sometimes the yo lk -sao  remnant forms 
such a  d is c re te  e n t i ty  th a t  i t  may be confused w ith a v a scu la r ohannel 
(see  Figure 227).
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In standard histological preparations, muscle spasm of the smooth 
muscle cells that comprise the arterial walls causes artefactual 
cavitation about them (Figures 225 and 227)» These clear spaces that 
are universally present must not be confused with vestigial vitelline 
cavities (e.g. see Figure 226). Often one needs to follow them through 
multiple serial sections to differentiate these two features.
At its embryonic end the cord tends to be circular in cross section 
(Figure 225)* The walls of the allantoic vessels are much thicker than 
those of the vitelline vessels although the lumina of the latter 
occasionally may be the more distended. Occasionally, small sinusoids 
and capillaries lined by simple endothelium are seen on cross section.
As one passes more distally (i.e. towards the placental end of the 
cord) the vessels become less differentiated although distinction between 
arteries and veins oan still be made (Figures 226, 231 and 238). The 
vessels are not straight and do not run parallel to the long axis of the 
cord. Instead they loop, kink, and form spiral whorls (Figure 234)* This 
phenomenon is universal in rodent cords and makes the interpretation of 
funic vasculature very difficult if a single cross-section only is 
examined. To study this phenomenon fully one has to examine multiple 
serial sections (see Figures 232 and 234)« This criterion of examination 
must be observed before abnormalities of vasculature can be claimed.
In its more superficial layers the cord is covered by cells of 
ectodermal origin which undergo karyorrhexis, and in their more super­
ficial zones a true stratum lucidum is formed in many places. Serial 
sectioning shows that the vitelline cavity becomes obliterated at
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intermediate points along the cord; this leaves a string of irregularly 
closed spaces, many of which are traversed by bands of mesenchymal cells 
(Figures 231, 234 and 238).
The oord commences to lose its cylindrical outline and is ovoid on 
cross-section within a few millimetres of leaving the foetus (Figure 227). 
In general, the vestigial remnants of the vitelline cavity become more 
obvious (Figure 229)* As one examines the cord moving towards its 
placental, end, its cross-sectional outline becomes sickle-shaped and 
eventually the allantoic and vitelline components assume a polar 
distribution (Figures 231, 234, 236 and 238). Several millimetres from 
the placental end of the cord the vitelline vessels become completely 
polar but remain connected with the larger allantoic component by a thin 
strand of Wharton's jelly (Figure 240). This portion becomes 
progressively more pinched off from the allantoic moiety.
At the placental end of the cord, the vitelline vessels are 
relatively undifferentiated and little dissimilarity can be noted between 
the vitelline artery and the vitelline vein (Figures 236 and 238). The 
remnants of the vitelline cavity can still be seen (Figure 240). No 
abnormalities were present in the umbilical cords from control foetuses. 
Morphology of Cords from Foetuses with Cleft Palate.
Indospicine causes an overall reduction in both cross-sectional area 
and in the length of the umbilical cord (compare Figure 237 with the 
control cord in Figure 236). The degree of this reduction in volume is 
dose-dependent. In foetuses receiving a dose of 1.00 mg/gram (maternal 
weight) the cross-sectional area of the cord was approximately half that
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of a control cord sampled at the same level.
No qualitative abnormalities are produced. Allantoic and vitelline 
components form normally (Figures 228 and 230) and the progressive loss 
of circular outline as one leaves the foetus is unchanged (Figures 230, 
233, 235 and 237).
'Ehe walls of arteries and veins were qualitatively unchanged and 
each of the forty cords from cleft-palate foetuses contained its normal 
complement of vessels (Figures 235» 237, 239 and. 241)• Ehe vitelline 
cavity remained as a vestigial structure and was not in any way different 
from that observed in control foetuses (Figures 233 and 237)* Small 
capillary like vessels similar to those observed in the control series 
were also identified (Figure 228).
Ehe vitelline cavities, besides manifesting fonn, shape and histology 
of lining cells similar to those of the oontrol series, also show similar 
degrees of extension into the cord itself. In no case was an example of 
exomphalos observed in the indospicine-exposed series. Ehe mesenchymal 
cells of Wharton's jelly and the mural cells of the arteries, veins and 
vitelline cavities do not display the nuclear and nucleolar enlargement 
seen in hepatic parenchymal cells exposed to indospicine.
Development of the Umbilical Cord.
Ehe progressive development of the funic elements is shown in 
Figures 242 and 244* By Day 16 of gestation the right umbilical artery 
(i.e. definitive allantoic vessel) has assumed the major physiological 
role of the original pair of allantoic arteries and is much larger than 
its regressing counterpart (Figure 242). These two vessels run in the
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urachal remnants and gradually appose with the well-developed vitelline 
artery and vein (Figure 244). In all thirty control foetuses examined 
in this cord study, the left allantoic was the vessel to regress and 
eventually become obliterated and fibrosed.
A sequential study of cord development following indospicine-exposure 
showed no deviation whatsoever from the normal pattern (Figures 243 > 245» 
246 and 247)' all forty cases studied, the left allantoic artery 
regressed and its lumen became obliterated by endarteritic changes 
(Figure 246). This process occurred at similar developmental stages to 
those observed in the control series. The dense fibrous constriction 
which marks the site of cord attachment to the anterior abdominal wall 
was well developed by Day 19 of gestation in both control and indospicine- 
exposed foetuses (Figure 24?)•
Summary *
Indospicine reduces the size of the umbilical cord but does not 
produce any qualitative abnormality. Indospicine does not influence the 
obliterative pattern observed in the left umbilical (allantoic) artery. 
Studies of the morphogenesis of the umbilical cord have revealed no 
significant differences between control and indospicine-exposed groups.
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CHAPTSR 20.
Histological Changes in Maternal Tissues.
All maternal tissues have been examined for pathological changes 
following the single dose of indospicine given at 9*00 a.m. on the 
thirteenth day of gestation. Reports from other workers have stated 
that chronic feeding with indospicine results in pathological changes 
in many organs, particularly the liver (Nordfeldt et al•, 1952;
Hutton et al», 1958a; ibid, 1950b; Christie, I966; Pound, I966).
However, after a single gastric intubation with higfr-dosage 
indospicine (2.00 mg/gram) only two organs have shown unequivocal 
changes when examined on Day 21 - liver and kidney. As the histological 
features of some rodent organs change with advancing gestation 
(Bhathal, I967) control tissues have been examined from pregnant animals 
given the canavanine control solution in lieu of indospicine rather than 
from non-pregnant females. It was also established that no histological 
changes were produced in maternal organs after canavanine dosage 
(2.OO mg/gram) on Day 13 of gestation.
The maternal tissues from all viscera from over one hundred pregnant 
does dosed with indospicine have been examined.
LIVER
The hepatic changes are the most dramatic and are exactly
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reproduoible in every animal. Indospicine results in a stereotyped 
macroscopic and microscopic lesion  which is  identifiable after a single 
dose o f as l i t t l e  as O.5  mg/gram and whose severity is  d irectly  
proportional to dosage.
Macroscopically, the affected livers  are smaller in size than their 
normal counterparts and are tan in colour rather than the normad purple- 
red o f the rodent liv e r . On the surface, small white linear flecks are 
seen which give the liver a mottled or "strawberry” appearance. These 
flecks are v is ib le  only at dosages in excess o f  1.00 mg/gram and represent 
the s ites  o f necrotic and collapsed peri-central areas o f each hepatic 
lobule.
The indospicine-poisoned liv e r  is  o f so fter  consistency than normal 
although lobar architecture in a ll cases has been preserved, and the liv e r  
has a less turgid and more greasy consistency. All five  lobes have been 
equally affected in this experimental series.
M icroscopically, the basic d iffuse pathological process is  a zonal 
necrosis o f peri-central type (Figures 289, 295 , 299 and 300) although in 
higher doses gross pathological changes are produced in the mid-zonal and 
portal areas also (Figures 291, 296 and 3 0 1) .
The h istolog ica l features o f the normal hepatic tissues taken from 
oontrol mothers on Day 21 o f gestation are shown in Figures 288, 29O and 
292, and their tin ctoria l properties illustrated  in Figures 298, 302 and 
304. Cytoplasmic basophilia, cytoplasmic vacuolation and lack o f 
pleomorphism among hepatocytes and their contained nuclei and nucleoli 
are easily  recognizable features.
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Pathological features can conveniently be considered under two broad 
headingss-
(i) Parenchymal Cell Changes 
(ii) Changes in Hepatic Architecture.
Parenchymal Cell Changes.
Hepatocytes in the central zones manifest hydropic change which 
rapidly extends at higher dosages to involve the mid-zonal and peri-portal 
areas also. Loss of cytoplasmic basophilia occurs (Figure 293) and fine 
cytoplasmic vacuolation becomes more widespread (Figures 293 and 295)- 
This combination of swelling and vacuolation gives a characteristic 
appearance on which further more specific features of toxicity are super­
imposed as dosage increased.
Occasional cells undergo coagulative necrosis, cell outlines become 
more sharply demarcated, the cytoplasm stains densely and the nucleus 
commences to show an early pyknotic appearance. These "chromophilic 
cells" are readily identified (Figures 293» 296 and 300) although they 
are not specific for indospicine toxicity.
The most characteristic feature of indospicine toxicity is nuclear 
enlargement in which hepatocyte nuclei become ballooned, often with a 
diameter two to three times that of their normal size. The nuclear 
membrane becomes very dense and the chromatic linin network virtually 
disappears (Figures 293» 294 and 301 ). Nucleoli become dense and 
eosinophilic, and are often twice their normal size.
This characteristic nuclear change is dose-dependent and, although 
identifiable alter a singLe dose of O . 5  mg/gram on Day 13» does not
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adopt it s  more f lo r id  features until higher doses (e .g . 2.00 mg/gram) 
are used.
Hepatooytes undergo increased mitosis (Figures 294» 295 and. 296) , 
a feature particularly noted in the peri-portal areas (Figure 294)- 
Mitotic figures axe observed in a ll phases from earliest prophase to 
late telophase and i t  does not appear that indospicine produces a 
spurious impression o f  increased mitotagenic potential due to any 
co lch icin e-lik e  activ ity .
Bile duct c e lls  also undergo sign ificant changes although they do 
not adopt the highly sp ec ific  features shown by the hepatocytes. Bile 
duct c e lls  multiply rapidly in the portal zones and form a densely-packed 
irregu larly -stella te  mass (Figures 291 and 301). These areas are quite 
large and encroach into the mid-zonal regions, and although a dramatic 
feature (Figure 289) are not sp ecific  for indospicine tox ic ity . This 
type o f non-specific reaotion occurs after a variety o f toxic and 
inflammatory stimuli. Amongst the masBes of proliferating b ile  ducts 
can be identified  increased numbers o f acute and sub-acute inflammatory 
ce lls .
Changes in Hepatic Architecture.
The peri-central necrosis is  produced by disruption o f the hepatic 
plates (Figures 294> 296 and 301) with conoomitant stromal collapse, 
venous congestion and loca l haemorrhage (Figure 299)* In higher doses 
hepatic plate disruption is  seen in the peri-portal zones also, although 
a gradient of severity (most severe centrally) can always be identified .
Hyperplasia o f Kupffer c e lls  occurs, portal veins become congested
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(Figure 294) and inflammatory cells in the peri-portal regions 
(Figure 3 0 1) can he identified. Glycogen depletion occurs, particularly 
in the peri-portal zones. Sinusoids become compressed.
Chronic Feeding Experiment.
In order to study the nuclear changes in more detail Indigofera seed 
meal was fed to non-pregnant females. The seed was ground to a fine 
powder in a rotary mill and was incorporated as a ten percent supplement 
in a speoial batch of commercially-prepared pellets. These pellets were 
then used as the routine basic food for the animals* Beoause of 
uncertain crumbling effeots of the pellets and of reduced intake due to 
indospicine-produced anorexia, no qualitative estimate of toxin dosage 
could be made, and the histological sequelae of this pilot experiment can 
be interpreted in a qualitative manner only. In this experiment five does 
were used but two were euthanized as emaciation became extreme. The 
remaining three animals were maintained by supplementary feeding and their 
livers examined histologioally after six weeks.
Histological changes observed in their livers were of similar pattern 
to those produced by single dose administrations to pregnant animals but 
showed more extreme features.
The histological appearances of hepatic tissue from non-pregnant 
control animals are shown in Figures 302 and 304* Cytoplasmic basophilia 
is prominent. After six weeks' feeding with Indigofera seed meal hepatio 
plate architecture can be barely recognized (Figures 297, 303 and 305) 
and the lobular disarray is extreme.
Nuclei are very large indeed and a wide range of nuclear size is
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encountered (Figure 297)» although their spherical shape is invariably 
preserved. Dense eosinophilio nucleoli are silhouetted against the 
relatively clear karyoplasm (Figures 297 and 305)* Few acute inflammatory 
cells remain after six weeks' exposure to the toxin but occasionally 
plasma cells (Figure 303) and lymphocytes can be readily identified.
KIDNEY
A single dose of 2.00 mg/gram of indospicine produces minimal but 
definite changes in the kidney. The proximal tubules are selectively 
affected and show hydropic degeneration.
LUNG
The lungs at term do not show any reaction to systemically- 
ciroulating indospicine (or its metabolites). However, the extract 
containing indospicine is irritative to mucous surfaces causing severe 
chemical inflammation. In several animals (in which some bronchial 
inhalation of the solution occurred accidentally during intubation) 
severe acute bronchitis and bronchopneumonia resulted.
UTERUS
The uterus on Day 21 of gestation consists of a thin muscular sac 
lined by flattened endometrium. At the site of placental attachment 
the decidua basalis consists of a very thick zone of decidual cells 
which appear macroscopically as a pale button-like plaque several 
millimetres in diameter on the mesometrial aspect of the uterus.
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It has been established that the site of original implantation is 
orientated anti-mesome trially (Mossman, 1937; Parkes, 1952) but that 
growth of the embryo results in the obliteration of the original uterine 
lumen and the definitive placenta forms on the mesometrial surface. In 
this way the primary decidua capsularis forms the definitive basalis.
The decidual cells themselves are quite typical and form a thickened 
symplasmic plaque in whose meshwork occasional zones of degenerating cells 
are normally seen.
After high-dosage indospicine no qualitative changes from this 
basic pattern are observed. Wo dramatic changes similar to those 
produced in the placenta have been produced. One may confidently state 
that indospicine produces its uranoschitogenetic and other effects through 
mechanisms other than morphologioal changes in the uterus.
Other Tissues
All other tissues of the maternal does have been examined on Day 21 
of gestation. Wo constant ohanges have been observed following the 
administration of uranoschitogenic doses of indospicine. Specifically, 
no changes in the cerebrum, pituitary, heart, thyroid, spleen, stomach, 
intestine, adrenal, ovary or pancreas have been observed.
Summary.
A detailed study of the effects of indospicine on the pregiant doe 
has been undertaken. Characteristic histological changes produced by 
the toxin have been described. In addition, hepatic changes similar to
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those described in non-pregnant mice (Pound, 1966) and in non-pregnant 
rats (Christie, I96 6) were produced in non-pregnant females of the main 
strain used in this study (Rattus norvegicus). It was demonstrated that 
a single injection of an uranoschitogenic dose of indospicine produced 
in the liver of the pregnant female changes of similar pattern to those 
described by these workers, although of a less severe degree.
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CHAPTER 21.
Further Experiments Relating to 
Indospicine Uranoschitogenesis.
Several miscellaneous studies have been undertaken to elucidate 
further the teratogenic role of indospicine and to place its uranoschito- 
genic effect in fuller perspective.
A. Experiments to Study the Susceptibility of the Strains used to
Chemical Uranoschitogens other than Indospicine.
It is well known in experimented embryology that certain strains of 
animal within a particular species are more susceptible to some teratogens 
than are other strains within the same species. For example the London 
Black strain of Rattus rattus is particularly susceptible to central 
nervous system lesions following trypan blue administration (Vickers, 
personal communication).
To interpret the relative uranoschitogenic potential of indospicine 
correctly it was thus desirable to test the major strain used (Sprague- 
Dawley) for susceptibility to other known uranoschitogenic agents. Three 
such substances were tested:-
(i) Meclozine HCl
(ii) Cholesterol
(iii) Cortisone Acetate
Table LXI shows the results of these experiments. It can be seen
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th a t th i s  s t r a in  o f R attus norvegicus i s  h ig h ly  su sc e p tib le  to  both  
in dosp io in e  and m eclozine hydroch loride  bu t i s  r e f ra c to ry  to  la rg e  doses 
o f c h o le s te ro l and c o rtiso n e .
Drug Dose A dm inistra tion No. of Animals
No. o f 
Foetuses R esu lts
Meclozine HC1 
"Ancolan" O.35 mg/G
ORAL.
2 s e r ia l  doses 
D. 13 and D .I4 .
10 104
90°/0 c l e f t  
p a la te
4u¡° r e s o rp tio n s
C ho leste ro l O.O9 mg/G I.M .I .
7 s e r i a l  doses 
D.8 -  D.14 5 46
Foetuses normal 
8°/o re s o rp tio n s
C ortisone
A cetate
0.11 mg/G I.M .I .
4 s e r i a l  doses 
D .II-D .14 ino .
10 103
No o le f t8  
2°/ó re so rp tio n s  
Foetuses sm all
C ortisone
A cetate O.45 mg/G
I .M .I .
4 s e r i a l  doses 
D .11-D. 14 in e .
10 98
No c l e f t s  4¡¡> re so rp tio n s  
Green s ta in in g  
o f amnion
Indospio ine 1.0 mg/G ORAL
Sing le  dose
D.13
10 97
51$  c l e f t s  
3i° re so rp tio n s  
Foetuses small
TABLE LXI Table showing the r e s u l t s  o f a com parative 
study o f c le f t - p a la te  te ra to g e n e s is  u s ing  
m eclozine hyd ro ch lo ride , c h o le s te ro l and 
c o r tiso n e  a c e ta te . Sprague-Dawley s t r a in  
o f R attus norvegicus used.
Buresh and Urban (1964) have shown th a t  c h o le s te ro l i t s e l f  i s  a p o ten t 
u ranoschitogen  in  the Snell-Supplee a lb in o  r a t .  This hormonally in a c tiv e
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steroid produced several interesting forms of uranoschitogenic expressivity 
including incomplete midline palatal clefts with intermittent epithelial 
(but not mesodermal) bridging. In the Sprague-Dawley strain used for the 
experiments shown in Table LXI, an increased resorption rate was produced 
but the strain proved refractory to the uranoschitogenic effects of the 
steroid. The cholesterol was suspended in cottonseed oil and given by 
seven serial intramuscular injections on Day 8 through Day 14*
In spite of quite high dosages with cortisone acetate ("Cortisyl") 
no palatine abnormalities were produced. Some growth stunting (first 
noted in mice by Fraser and Fainstat in 1951 ) was produced and a peculiar 
green colouration of the amnion was observed in the gestational sacs of 
foetuses exposed to the higher dose range (0.45 mg/G.).
This strain of Sprague-Dawley is highly susceptible to meclozine 
hydrochloride, but small but oonstant qualitative differences between the 
type of palatine lesion produced by this drug were observed when compared 
with those produced by indospicine. The indospicine clefts occasionally 
were of the soft palate only (see Figure 53) but were otherwise of 
constant form. Over sixty percent of the meclozine-induced clefts, 
however, manifested concomitant glosso-palatine adhesions and, in many, 
the tongue was wedged in the midline cleft. In no example of indospicine- 
induced cleft could suoh glosso-palatine complications be demonstrated.
B. Comparative Embryology of some Features of Palate Formation
in the Human.
In this study four human foetuses were examined following therapeutic 
abortion by Caesarean hysterectomy. The indications for such therapeutic
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abortions were suspected maternal viraemia in the first trimester and the 
intact foetuses were obtained from obstetric consultants associated with 
the cases clinically. Three of these foetuses were shown by histological 
and virological studies to be normal. The fourth foetus had anatomical 
features of rubella embryopathy which was subsequently confirmed by 
virological studies; this case will not be considered further. The three 
normal foetuses were:-
Foetus No. 1 Suspeoted maternal rubella Foetus 20 weeks
Foetus No. 2 Suspected maternal rubella Foetus 18 weeks
Foetus No. 2 Suspected maternal viraemia Foetus 12 weeks,
(possibly rubella)
The palates of a number of full-term neonates were also examined. 
These included cases of fatal neonatal meningitis, hyaline membrane 
disease and cerebral haemorrhage.
The palates of all specimens were dissected in toto and sample blocks 
prepared (coronal sections at right angles to the palatine raphe). These 
were examined histologically by routine methods.
Each of the three foetuses manifested numerous epithelial "pearls" 
or cysts. These were often clumped together in zones (Figure 219). The 
cysts contain whorls of keratin and parakeratotic epithelial debris 
(Figures 217 and 219)> and are surrounded by circumferential zones of 
modified strata granulosa et lucida. Little or no squamous cell layer 
remains.
This appearance is similar to that formed by the epithelial debris 
inclusions seen first in the seventeen day old Rattus norvegicus foetus
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(Figure 160) with the exception that palatine cysts in the rodent do not 
have a whorled appearance but rather a solid clump of granular and para- 
keratotic debris. This similarity of the epithelial inclusions caught up 
in the infra-mesodermal zones in both rodent and human material is another 
point further strengthening the case justifying the use of the Rattus 
palate as a model for human uranoschitogenesis.
In all human foetuses examined the epithelial inclusion cysts or 
"pearls" are readily distinguishable from aggregations of serosal and 
mucous glands which are fully developed and manifest secretory activity 
in the 18-week human foetus (see Figure 217). Following shelf fusion, the 
sequence of ossification, palatine gland formation and raphe differentiation 
in the human palate is basically similar to that which occurs in Rattus.
In this regard compare the similarities of the twenty-week old human foetal 
palate in Figure 217 with those of the rodent foetal palates in Figures 181 
and 202.
Studies of the human soft palate are essentially similar to those of 
Rattus except that the pterygoid processes bear different relationships to 
the skull base. (The detailed anatomy of the norma basalis in the rodent 
is illustrated in Figures 15» 24 and 25). The midline fusion raphe is 
universally present in the more anterior zones; only occasionally in this 
area does epithelial debris manifest cystic or pre-cyst features 
(Figure 218). Such pre-cystic features in this area include hydropic and 
vacuolar change, flattening and attenuation of the basal cell layers, and 
a tendenoy to whorl formation by the parakeratotic squames (Figure 218).
In the posterior zones of the human uvula cyst formation is quite rare and
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was not present in the three normal human foetuses examined in this study 
(see Figure 220).
Ç. Experiments to Study the Influence of Arginine on Indospioine-
induoed Teratogenesis.
It can be seen from Figure 3 that the molecular configuration of 
indospicine is analagous to that of arginine - the sole difference being 
the replacement of a nitrogen atom with a carbon atom. This substitution 
has the important effect of converting the guanidine radical to an amidine 
group. Because of this it was considered desirable to (i) test the effect 
of arginine itself on the developing palate and (ii) to test whether the 
conoomitant administration of arginine influenced indospicine teratogenesis.
Seventeen virgin Sprague-Dawley does were used in this experiment; 
this battery was divided into four experimental groups as shown in Table LXII. 
The first group comprised an indospicine-control group in which the toxin 
was administered by intra-gastric intubation on Day 13 in a dose of 
1.0 mg/gram in the usual manner. The second group were given a solution 
of pure arginine in a dose of 1.0 mg/gram also by intra-gastric intubation.
The third group was given four serial daily doses of 1.0 mg/gram of arginine 
by intra-musoular injection commencing on Day 12 of gestation. (This 
resulted in necrotic ulcers at the injection site which persisted until 
Day 21 ). The fourth group was given intra-gastric indospicine (1.0 mg/gram) 
on Day 13 plus four serial daily doses of arginine (each 1.0 mg/gram) 
commencing on Day 12. Results are shown in Table LXII.
362.
Group
Code
Experimental
Group
No. o f 
Rats
N o. o f 
Foetuses
No. o f  
R esorptions
No. o f 
C le fts
A Indospicine 
(I .O mg/G)
5 47 10 6
(1356)
B Oral Arginine 
(I.O mg/G)
5 60 3 0
I
C
■II
j
I .M .I . Arginine 
(I .O mg/G)
X 4 doses
2 16 6 0
» I .M .I . Arginine 
p lu s
Oral Indospicine
5 38 27 0
TABLE LXII R esu lts o f experiments to  t e s t  the 
e f f e c t s  o f argin in e on indosp iein e- 
induced te ra to g e n e sis .
Due to  d i f f ic u l t y  with the supply o f indosp icin e g re a te r  numbers 
could not be used and in te rp re ta tio n  o f the above d ata  i s  d i f f i c u l t  on 
th is  account. Because o f th is  sev era l q u a lita t iv e  observations are o f 
s ig n if ic a n c e . F ir s t ly ,  the mean weight o f  fo e tu se s  exposed to the s in g le  
o ra l dose o f  argin in e did  not d i f f e r  s ig n i f ic a n t ly  from th at o f canavanine 
co n tro ls  obtained from an e a r l ie r  experiment. Secondly, the m aternal 
l iv e r s  from anim als in  Group D showed minimal h epatotoxic e f f e c t s  only and 
could be d istin gu ish ed  m acroscopically  from those o f Group A.
In summary, th ere fo re , although p ro o f cannot be e s ta b lish e d  because 
o f  the sm all numbers involved i t  seems th at ( i )  arg in in e  i t s e l f  i s  not 
te ra to gen ic  in  doses up to  1.0 mg/gram e ith e r  given s in g ly  or in  a  s e r i a l
3 6 3 .
regime of four doses, (ii) higher doses of arginine increase the 
resorption rate and (iii) the concomitant administration of arginine to 
cover the period from indospicine dosage to the time of palate closure 
imparts some protection from the uranoBchitogenic and hepatotoxic effects 
of the toxin. It is stressed that these results are inconclusive.
Histochemical studies of sections of foetal palates at term were 
undertaken using the arginine method of Serra (1944)* This test is 
specific for arginine. Three random 5/u sections were cut from the mid­
palate region of each of three control foetuses on Day 21. Similarly, 
three random sections were cut from three indospicine-exposed foetuses 
with cleft palate also on Day 21 of gestation.
The eighteen sections so obtained were processed simultaneously and 
examined after four hours. It was felt that no qualitative difference in 
the colour itself or in its intensity could be found between the two 
groups.
D. Blood Studies.
Numerous blood smears of both foetal and maternal origin have been 
studied after routine fixation and staining with a modified Giemsa-May 
Grünwald method. All control foetuses from this experimental colony 
showed a blood smear characterized by relative macrocytosis with up to 
twenty percent basophilic stippling of cells. The blood smears of non- 
hydropic foetuses with indospicine-induced cleft palate could not be 
distinguished from those of the control group.
Haemoglobin estimations on ten control maternal does and ten 
indospicine-exposed maternal does showed that indospicine caused a mean
364.
haemoglobin drop of 27 percent from Day 13 to Day 21 of gestation in the 
indospicine group. The mechanism of this anaemia is uncertain but was 
associated with a tendency to macrocytosis although this trend was not 
universally present. Maternal serum proteins fell from a mean of 
5.O G. percent to 4*3 G. percent following toxin exposure and qualitative 
studies revealed a small but constant increase in the alpha globulins on 
the electrophoretic patterns. The significance of these findings must 
await further studies.
E. Experiment to study Food Intake during Pregnancy in Rats subjected
to a single dose of Indospicine on Day 13»
Fifteen non-pregnant adult female Sprague-Dawley rats (170-220 G. ) 
were offered stock pellets (Barnes Milling Co., Brisbane) ad libitum and 
were observed for four days. Average food intake was 27«5 G. per rat per 
day. (Food weights quoted refer to pellets taken from the food hopper and 
chewed - of this wei^it only 52.8 percent are actually ingested by the rat, 
the remaining 47*2 percent falling irretrievably through the cage floor as 
crumbs).
Next, a group of fifteen pregnant rats were observed during their 
gestational period, and average food intakes were calculated in each of 
the three 7”<iay gestational phases. In the pre-implantation period (Day 0 
to Day 7) ike rats ate 30.5 G. per day, falling slightly to 28.5 G. in the 
second period (Day 8 to Day 14)* In the third phase (Day 15 to Day 21) 
intake had risen to a mean 37*0 G. per rat per day.
Next, it was demonstrated that ether anaesthesia and the passage of 
the stomach tube (without concomitant indospicine dosage) caused a fall
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in food intake o f 15 percent for  the twenty-four hour period following 
such interference. Complete return to a normal appetite and food 
ingestion occurred thereafter.
Dosage with indospicine (1.0 mg/gram) as a single dose on Day 13 
together with the anaesthesia and intubation required for its  
administration caused a drop o f twenty-five percent in food intake on the 
day o f dosage. This decreased intake gradually returned to the predicted 
normal intake by Day 18 o f  gestation.
This appetite-depressing e ffe ct  o f indospicine correlated well with 
a plateau observed in the pregnancy weight curve and with the general 
demeanour o f the animals which manifested decreased activ ity , decreased 
alertness and ag ility  and a transient loss of fur lustre for  two days 
after indospicine dosage.
It thus remained to demonstrate that decreased food intake secondary 
to indospicine dosage was not contributing to c le ft  palate formation, 
rather than a direct e ffe ct  o f  the indospicine i t s e l f .  To do this two 
cages each containing five  pregnant rats were set up and food availability  
controlled. The ten rats were anaesthetized and an intra-gastric tube 
passed. Food was then lim ited to amounts that would have been ingested 
i f  indospicine had been given. Food pellets  ad libitum were again 
offered on Day 18 o f gestation.
Mean foetal mass on Day 21 was 4*7 grams and resorption rate was 
0.2 percent both o f which parameters did not d iffe r  sign ificantly  from 
controls without food restriction . No c le ft  palates occurred. One may 
thus confidently state that the uranoschitogenic e ffe ct  o f indospicine is
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not a secondary phenomenon mediated through any dietary interference but 
is caused directly by toxin dosage.
Summary.
Indospicine is a potent uranoschitogen in a strain of Rattus 
norvegicus demonstrated to be refractory to the cleft palate producing 
effects of both cholesterol and cortisone acetate. The strain is highly 
susceptible to the effects of meclozine hydrochloride ("Anoolan”) but 
the palatine lesions produced differ qualitatively from those produced 
by indospicine.
Three normal human foetuses (12, 18 and 20 weeks respectively) were 
delivered by Caesarean hysterectomy and their palates subsequently 
examined. The histological appearance of the foetal palate was studied 
in detail with particular reference to epithelial inclusion cysts. 
Comparative anatony of the rodent and human foetal palate has been 
discussed and justification for using the rodent palate as a model for 
human palatine embryogenesis has been presented.
Experiments to study the effects of arginine on indospicine-induced 
cleft palate cannot be fully interpreted because of limitations in supply 
of the toxin. However, it is highly probable that (i) higher doses of 
arginine increase the foetal resorption rate, (ii) arginine itself is 
not teratogenic in doses up to 1.0 mg/gram either given singly or in a 
serial regime of four doses, and (iii) the concomitant administration of 
arginine to cover the period from just prior to indospicine dosage up to 
the time of palate closure imparts some protection from the uranoschito-
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genic and h epatotoxic e f f e c t s  o f the tox in .
A p i lo t  h istochem ical study su ggests  th a t the argin in e content o f 
the p a la ta l  t i s s u e s  a t  Day 21 i s  not s ig n i f ic a n t ly  a lte re d  by indospicin e 
on Day 13 o f g e s ta tio n . Indospicine cau ses a moderate maternal anaemia 
but no q u a lita t iv e  ohanges in  the fo e ta l  blood smear can be detected .
Indospicine s ig n i f ic a n t ly  depresses a p p e t it ie  in the pregnant r a t  
but experiments have shown that i t s  u ranosch itogen ic e f f e c t  i s  not a 
secondary phenomenon mediated through d ie ta ry  in terferen ce  but i s  caused 
d ir e c t ly  by dosage with the tox in .
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D I S C U S S I O N
CHAPTER 22«
Site-Specificity of Indospicine Teratogenesis.
The remarkable site-specificity of indospicine requires further 
elaboration. This concept - the selective localized action of a 
teratogen - is of particular interest to the experimental embryologist 
because of the many theoretical considerations which are raised. Por 
example, such site-specificity studies could aid in elucidating specific 
local enzymatic and other biochemical factors that determine activation 
of inducing factors.
In any discussion of site-specificity of teratogenic action it is 
important to note that the concept of a "teratogenic effect" is rather 
artificial in that often this phrase is used with reference to anatomical 
abnormalities only. If this concept is accepted then permanent biochemical 
changes and inborn metabolic errors would needs be excluded from the list 
of abnormalities produced. Such rather narrow restrictions are not 
universally accepted (Tatum, I96I) and more recently the term "congenital 
abnormality" is being used to denote any permanent deviation from the 
norm, either anatomical, physiological, biochemical or psychological.
In other words, each facet of the whole biological manifestation of 
the developed foetus consists of a continuimi of minutely-differing 
features, and if any of these exceeds the range of normal variation it 
is considered as a congenital abnormality. Smithells (1966) uses the
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adjective "teratogenic'* in the sense that "teratogenic aotion causes 
inhibition or deviation of an organogenetic process and can therefore 
only take effeot during the period of organogenesis". In this way he 
distinguishes the teratogenic e ffe ct of hormones (e.g. cortisone as an 
uranoschitogenic agent in mice) from it s  hormonal e ffe ct (e.g. cortisone 
causing adrenal hypoplasia in the completely developed adrenal of the 
human foetus).
In this thesis the definition of Brent (i960) w ill be used. He 
considers that the word "malformation" is  to be defined "as a permanent 
anatomical, h isto lo gical, or biochemical defect, which the organism 
cannot repair through growth and development", and which is  due to 
defective organogenesis. I t  thus follows that an agent exerts a 
"teratogenic effect" i f  i t  has permanently altered any of the processes 
of normal organogenesis.
I f  one adopts this convention with respect to the teratogenic 
e ffe c ts  of indospicine i t  can be seen that isolated c le ft  palate is  the 
sole sp ecific  teratogenic sequel to the toxin's administration. I t  has 
been shown, however, that indospicine causes two anatomical defects - 
c le f t  palate and somatic dwarfism -  and h i^ ily  specific histopathological 
changes in the liv e r  and pancreas. As the indospicine-affected foetuses 
invariably die i t  is  not known whether the changes observed in the soft 
tissu es would be permanent in the viable animal, and in addition the 
organs affected have almost completed d efin itive organogenesis by the 
time of toxin dosage. In addition, indospicine administered to the 
mothers produces sim ilar effe cts, and differences from those observed
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in  the fo e ta l organs can be accounted fo r  by the post-o rg an o g en e tic , 
immature, n o n sp ec ific  response to  exogenous to x in s . In o th er words, the 
s o f t  t i s s u e  changes induced by in dosp ic ine  a re  considered  as h is to to x ic  
r a th e r  than te ra to g e n ic .
Somatic dwarfism i s  a n o n -sp e c if ic  fe a tu re  o f  many te ra to g en s and, 
in  the  absence o f a teratogen-produced  p i tu i t a r y  d e fe c t, does no t o f fe r  
immediate prom ise o f being a param eter by which embryonic and embryo- 
pathogenic p rocesses can be fu r th e r  s tu d ie d . For example, chloram bucil 
(Murphy, Del Moro and Lacon, 1958)> th ia d ia z o le  (Murphy, Dagg and 
Kam ofsky, 1957) and A ctinonycin D (Tuchmann-Duplessis and M ercier-P aro t, 
i 960) a l l  produce som atic dwarfism as b u t one f a c e t  o f a w idespread 
embryopathic syndrome although each te ra to g e n  a c ts  in  a h ig h ly  s p e c if ic  
and d i f f e r e n t  way. C le f t p a la te  (as w ell as som atic dwarfism) occurs as 
one fa c e t  o f t h i s  syndrome in  each case.
T eratogen ic  S i te -S p e c if ic i ty  in  Humans.
In  man, proven chemical te ra to g en s include 4-am ino-p teroy lg lu tam ic  
a c id  (T h iersch , 1952; Warkany, Beaudry and H ornstein , 1959)» thalidom ide 
(Lenz, 1961 ; ib id  1962; McBride, I 96I ) ,  p ro g e s ta tio n a l agents (W ilkins, 
Jo nes , Holman and Stem pfel, 1958), s t i lb o e s t r o l  (Bongiovanni, Di George 
and Grumbach, 1959) and th y ro id  a n ta g o n is ts . A h igh  index o f su sp ic io n  
i s  a tta c h ed  to  6-m ercaptopurine (Diamond, Anderson and McCreadie), to  
cyclophosphamide (Grunberg and Tanaka), and to  a b o r t i f a c ie n t  doses of 
q u in in e  (S m ith e lls , 1966b ) , although th ese  l a t t e r  drugs cannot be 
considered  to  be proven human te ra to g e n s .
T e tracy c lin e  s ta in in g  o f te e th  may be considered  to  be a developm ental
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anomaly i f  the mother receives the antibiotic during the la tte r  phases of 
pregnancy, but as organogenetic processes eure thought not to be disturbed 
this agent w ill not be considered further.
The two hormonal groups, progestogens and stilb o estro l, act 
sp ecifica lly  on the genitalia at a la te  period of foetal growth and do 
not cause inhibition or deviation of an organogenetic process. Thus, 
although capable of causing congenital malformations, they do not help 
one to elucidate underlying embryogenic or embryopathogenic mechanisms.
In humans, thalidomide causes a diffuse syndrome of teratogenic 
manifestations which includes limb defects, microtia and anotia 
(Smithells, 1962), colobomata (Gilkes and Strode, 1963), heart defects 
(P liess, 1962) and other lesions. In spite of this broad spectrum of 
effects  some degree of predilection for the limbs is  now unequivocally 
accepted. Several isolated reports have suggested that the upper limbs 
tend to be more affected than the lower limbs (P feiffer and Kosenow, I962) 
but many hundreds of case reports of infants with a ll  limbs involved have 
shown that this partial s ite -s e le c tiv ity  could be no more than a general 
trend. Smithells (1966a) reports several sign ifican t differences in the 
lower limb defects (supernumerary defects) when compared with those 
observed in the upper limbs (reduction defects) but notes that many 
intermediate features of both are often observed.
In humans, limb deformities have been b ilateral in type (Wiedemann, 
1961 ; Leek and M illar, 1962; P feiffer  and Kosenow, I962) and indeed Leek 
and M illar (1962) have stated that since the widespread use of thalidomide 
in the 1958"1962 era "unilateral deformities have shown no increase", in
372.
contrast to the high rate of increase of bilateral deformities. A single 
case only of cleft palate associated with the thalidomide syndrome in 
humans has been reported (Kajii and Goto, I963)•
The other instance of well-documented drug embryopathy in humans, 
that due to aminopterin (4_amino pteroylglutamic acid) shows that no 
site-specificity of action occurs. Thiersch (1952) reported his studies 
on twelve cases of pregnant women to whom the drug was administered as a 
therapeutic abortifacient. Nine cases resulted in foetal death but three 
remained viable and were subsequently examined. Each of these manifested 
congenital deformities. These were (a) meningomyelocele in an embryo 
exposed to aminopterin on Day 44 of gestation, (b) hydrocephalus in an 
embryo exposed to aminopterin on Day 40 and (c) cleft palate and cleft 
lip in an embryo exposed to the drug on Day 54 of gestation - an example 
of spurious site-specificity due to administration at a "critical period".
Meitzer (1956) presented a detailed case report of a full-term 
congenitally-deformed infant born to a mother who had ingested a total 
of forty 0.5 mgm tablets of aminopterin between the fourth and eighth 
week of gestation with the intent of self-abortion. The infant manifested 
(a) craniostenosis of the lambdoid sutures, (b) luckensohadel of the 
occipital bone, and (c) left talipes equinovarus.
In 1956, Thiersch reported a further case of unsuccessful therapeutic 
abortion vising aminopterin in the first month of gestation; this resulted 
in the birth of a full-term anencephalic foetus.
Warkany et alii (1959) presented a detailed case report of a 
congenitally deformed full-term infant b o m  to a mother who had attempted
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abortion by ingestion o f aminopterin during the tenth week o f gestation. 
Cranial dysostosis, abnormally-shaped and low-set ears, mandibular hypo­
plasia and deformities o f the lower limbs were present. There was also 
a defect in the right le a f o f the diaphragm.
It oan thus be seen that aminopterin and to a somewhat lesser 
extent, thalidomide, do not manifest su fficien t s ite -s p e c ific ity  o f 
action to help further elucidation o f fundamental embryogenic and embryo- 
pathogenic mechanisms in the human species.
Two further points require elaboration. F irstly, i t  must be 
mentioned that both these proven human teratogens might produce their 
apparent multiple e ffects  due to a common defect similar to the spurious 
pleiotrophy manifested by some harmful genes. (The many apparently 
unrelated congenital defects occurring in osteogenesis imperfecta, for  
example, are probably due to a single gene or group o f linked genes 
controlling the integrity o f in tercellu lar matrix). This p oss ib ility  has 
been considered but as yet no unifying theory has been postulated. At 
present, one must accept that both teratogens act widely on multiple 
tissues which are susceptible to the drug's action at the particular 
time o f exposure.
Secondly, a spurious s ite -sp e c ific ity  o f action w ill be produced i f  
the drug is  applied to the developing embryo only at a time when a single 
organ is  developing or at a time when i t  alone is  susceptible to the 
e ffe cts  o f the drug. This is  probably the case in Thiersch's (1952) 
third case quoted above in which aminopterin produced c le ft  palate and 
c le f t  l ip  only; the toxin was administered after the completion o f  most
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o f the embryogenic p eriod , the fu sio n  o f the p a la tin e  sh elves being one 
o f the f in a l  embryogenic p rocesses to  occur.
Lenz (1964) has b e a u t ifu lly  demonstrated the various ‘'s e n s it iv e  
periods" o f  the developing organs o f the human embryo to  the te ra to g en ic  
e f fe c t s  o f thalidom ide. Reference to  h is  diagram shows the manner in  
which spurious s i t e - s p e c i f i c i t y  o f  action  can be achieved.
In summary, th e re fo re , no unequivocal examples o f  terato g en ic  s i t e -  
s p e c i f i c i t y  are known in humans although these w i l l  undoubtedly appear 
in  the fu tu re . When they do, the study o f  such embryopathic processes 
in  the phenocopy w i l l  provide an opportunity to c o r r e la te  some o f the 
fundamental embryopathic pathways o f genes which produce s im ila r  e f f e c t s .
The in v e s tig a tio n s  described  in  th is  th e s is  do, however, n e c e s s ita te  
fu rth e r  te s t in g  o f embryonic and fo e ta l  t is s u e  from c l e f t  p a la te  fo etu ses 
fo r  evidence o f a lte re d  argin in e metabolism. EUrthermore, i t  would be 
most d e sira b le  to determine am idine-containing substances o f d ie ta ry  and 
m edicinal o r ig in  and to  enquire s p e c i f i c a l ly  concerning these in  the 
h is to ry  o f c l e f t  p a la te  fo e tu se s  without a p o s it iv e  fam ily h is to ry .
These forms o f epid em iological study, although crude, have already been 
in it ia t e d .
In human fo e tu se s, c l e f t  p a la te  i s  known to  occur in  three 
c l in ic a l ly - d e f in a b le  co n te x ts . U r s t l y ,  i t s  occurrence as an is o la te d  
phenomenon i s  w ell known, b ein g the so le  co n gen ita l abnorm ality p resen t. 
A l l  degrees o f  e x p r e s s iv ity  occur ranging from notchin g o f the uvula to
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complete uranoschisis of the secondary palate.
However, in spite of the apparent localization of the defect it has 
been demonstrated that foetuses and infants with this condition are, in 
fact, smaller than other members of their peer group. Also, deformities 
of other organs are more commonly seen in individuals with cleft palate 
than in normal ones. It is also interesting to note that suppression of 
development of the second maxillary incisor in the forebears of cleft 
palate individuals has been reported (Dorrance, 1933)*
The cephalometric studies of Moss (1956) have shown that all types 
of cleft palate deformity (whether associated with cleft lip or not) are 
associated with a characteristic increased flexure of the cranial base 
caused by a dysostosis sphenoidalis. In such a case the concept of site 
specificity is of necessity extended from that involving the palatine 
shelves solely to that of a dynamically developing larger (but still 
defined) region of which the palate is one part.
Thus, strictly speaking, the concept of cleft palate as a localized 
abnormal state may be occasionally artificial; however, one may say that, 
in general, the cleft palate system of such infants is the sole 
qualitative anatomical abnormality of any body organ. To hold this 
concept one has to reject the older Stockard Hypothesis of 1921 that all 
congenital defects are pure developmental arrests; that is, due to 
quantitative underdevelopment of a sub-organ constituent. However, there 
is ample evidence to postulate that all defects are not due to develop­
mental arrest of certain constituents during morphogenesis, and the 
evidence of qualitatively-altered anatoniy presented in Chapters 9 and 10
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of this thesis support this view.
The second clinical presentation of cleft palate is the cleft lip - 
oleft palate complex, these two embryopathie features then comprising 
one composite defect. As in the case of isolated cleft palate, this 
cleft lip - palate complex may be associated with generalized growth 
retardation but not necessarily any other qualitative organ change. That 
this syndrome is distinct from that of isolated cleft palate is accepted 
unequivocally and the two groups of lesions have quite distinct racial, 
geographic and sex incidences.
Thirdly, cleft palate may be but one facet of a diffuse, widespread 
embryopathy involving many dissimilar anatomical sites and many different 
tissues and organs. This syndrome is well recognized in both human 
(Wood, 19IO; Greig, 1924; Van der Woude, 1954» Willis, 1962; Kraus and 
Ahem, 1966) and experimental material; in humans certain well-recognized 
causes are known, e.g. Trisomy 13“15 (Carter, 1963)» and aminopterin 
(Thiersch, 1952; Warkany et alii., 1959)*
To summarize, cleft palate may occur
(i) as an isolated anatomical defect
(ii) in combination with cleft lip but in the absence 
of other qualitative organ changes, and
(iii) as one facet of a widespread embryopathy.
Experimentally, it is now possible to produce cleft palate as a 
phenocopy within each of these three groups.
The second form of clinical association with cleft palate defined 
above - that associated with cleft lip - is produced by a wide variety of
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n o n -sp ec ific  te ra to g e n ic  a c tiv a n te  which appear to  a c t only on 
in d iv id u a ls  o f  an animal s t r a in  th a t  have an und erly ing  s ig n if ic a n t  
p re d isp o s itio n  fo r  the t r a i t .  For example, hypovitam inosis A (H ale, 1935)» 
a n te r io r  p i tu i t a r y  e x tra c t  (S te in ig e r , 1940)> sodium s a l ic y la te  
(Larsson, E ricson  and Boström, I 964)» a c e ty ls a l ic y l ic  ac id  (T ra s le r , I 965) 
and diphenylhydantoin (Massey, I 966) w il l  a l l  produce the  complex as an 
is o la te d  te ra to g e n ic  fea tu re  in  g e n e tic a lly -s u sc e p tib le  s t r a in s .  As y e t  
i t  has n o t been p o ss ib le  to  sy n thesize  sin accep tab le  hypo thesis th a t  
would exp la in  th e  f in a l  common p a th  o f te ra to g e n ic  a c tio n  which would 
exp la in  the u ranosch itogen ic  p ro p e r tie s  o f  th ese  chem ical agen ts. 
Furtherm ore, we are  u n lik e ly  to  do so u n t i l  more i s  known o f the 
fundamental s u b -c e llu la r  biochem ical m an ife s ta tio n s  o f th e  genes o r gene 
groups which determ ine sp ec ie s- and s t r a in - s e n s i t i v i t y  to  th ese  p a r t ic u la r  
agen ts .
Experim enteilly, the  th ird  c l in ic a l  group in  which c l e f t  peliate 
occurs -  th a t  sis bu t one fa c e t o f a w idespread embryopathy -  i s  by f a r  
the  la r g e s t .  Over th i r ty  d i f f e r e n t  chem ical te ra to g e n s  a re  now known 
which w il l  produce th i s  syndrome in  Mammalia and re fe re n c e  to  th e  Summary 
on pages 133 to  137 shows th e i r  d iv e r s i ty  and com plexity . The e f f e c ts  o f 
th e se  te ra to g e n s  must be so severe th a t  b a s ic  m etabolic pathways common 
to  a l l  types o f a ffe c te d  t is s u e s  are  in d isc r im in a te ly  vu lnerab le  and a re  
th u s a f fe c te d . The la rg e  number o f  d if fu s e  and ap p aren tly  u n re la te d  agen ts 
which a c t in  th i s  way im plies th a t  th e i r  use as s p e c if ic  re sea rch  to o ls  
w i l l  be l im ite d  in  th e  search  fo r , and c r i t i c a l  a n a ly s is  o f s p e c if ic  
lo c a l  pathways which co n tro l normal embryogenesis and i t s  p a th o lo g ica l
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variants
However, one important fact must be recalled as an exception to 
the theme of non-specificity of teratogenic action which has been 
developed in the preceding paragraph. One cannot extrapolate too widely 
here as it is known that a single underlying defect of metabolism may 
exert an apparent heterogeneous (spurious pleiotrophic) effect. The 
widespread anatomical features of osteogenesis imperfecta in humans 
almost certainly fall into this class.
Geneticists have succeeded in breeding at least two strains of 
mouse in which isolated median cleft palate occurs (without associated 
cleft lip) but in which other somatic defects are present (Dunn and 
Glueck8ohn-Schoenheimer, 1947)* Such cases may be further examples of 
spurious pleiotrophy.
It is in the study of the first group - isolated cleft palate - 
that one is able to focus attention on specific embryonic processes. 
Unfortunately, this is the group in which it has been most difficult to 
produce acceptable experimental models with which to study the teratogenic 
processes involved.
Prior to the demonstration that indospicine was a site-specific 
uranoschitogen three other similar chemical agents had also been 
described. Cortisone was the first of these (Baxter and Fraser, 1950> 
Fraser et alii, 1953) although other defects were occasionally associated 
with the cleft palate. ACTH wan subsequently shown to produce an 
identical syndrome (Fraser et alii, 1954)* In 19^3» King demonstrated 
the highly site-specific effects of meclozine hydrochloride on the rodent
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palate, but reported that gl ossopalatine fusion, brachygnathia and 
microstomia were common accompaniments.
Experimentally, it has been shown in the present study that 
indospicine produces an acceptable experimental model of isolated cleft 
palate, although other pathological changes of a non-teratogenic nature 
are also present. Such site-specificity allows one to search for local 
factors which might be influenced by the teratogen and this in turn, it 
is hoped, aids further the search for processes involved in normal 
palatine closure.
The studies of Larsson (1962c) and more recently of Jacobson et alii 
(1964) have demonstrated in detail some aspects of mucopolysaccharide 
metabolism in the developing palate. It has been shown that both 
cortisone and salicylates depress the formation of the enzyme 
L-glutamine-D-fruotose-6-phosphate amino transferase although whether 
this is a local palatine effect only requires confirmation. The 
demonstration of this specific defect resulting from a relative site- 
specific uranoschitogen is highly significant. It will be exciting to 
see whether these biochemical defects in this specific phenocopy are 
paralleled in. genetically-determined identical types of lesion.
This illustrates that the study of a true phenocopy offers the 
possibility of investigating the final common pathways of the embryo- 
pathic manifestation of gene action. This concept was first established 
in 1935 by Goldschmidt who remarked on the close similarity between the 
spectrum of experimentally-induced non-hereditary variations and the 
corresponding spectrum of genetic mutants (Nishimura, 1964)*
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In considering site-specificity of teratogenic action it is important 
to understand that an artificial site-specificity of action can be induced 
by applying the teratogen at selected times only, i.e. at "critical 
periods". Wilson (1954a) demonstrated this phenomenon convincingly with 
particular reference to cleft palatej he also studied the converse of 
this proposition showing that non-specific influences that happen to act 
at the critical period of palatine closure were not necessarily 
uranoschitogenic, however severe quantitatively they might be. The two 
Russells (1954) demonstrated that cleft palate had two "critical periods" 
with respect to X-irradiation in Rodentia although no site-specificity 
was claimed.
It has been demonstrated in Part III of this thesis that the site- 
speoificity claimed for indospioine is not simply due to dosage at a 
critical stage of gestation. The toxin has been administered at all 
stages of post-implantation gestation and no abnormality other than cleft 
palate has been reproduced constantly. In other words, the site- 
specificity of indospicine is not spurious but is due to some direct or 
indirect effect acting finally on palatine anlage. Possible mechanisms 
of this action are discussed below and in subsequent chapters.
Another cause of spurious site-specificity must be considered here.
It is possible for a teratogen to produce numerous defects (all degrees 
of expression of a diffuse embryopathic syndrome) but all the more 
severely affected members being killed leaving only litter members with 
non-embryolethal defects. If resorption occurred the less severely- 
affected only would remain developmentally viable and an artificial
381.
s e le c tio n  o f d e fe c ts  could be produced.
Kraus, Kitamura and Ooe (1963) showed how the apparent incidence 
o f a s p e c if ic  d e fec t can be m islead ing  i f  one does no t oonsider th i s  
p o s s ib i l i ty  o f p re -v iab le  em bryolethal s e le c t io n . These workers s tu d ie d  
over th ree  thousand aborted  human embryos and fo e tu se s , and found th a t  
the  incidence o f c l e f t  l i p  and c l e f t  p a la te  was se v e n ty -s ix  tim es th a t  
observed among newborn fu l l - te rm  in fa n ts .  S ix ty-one p e rcen t o f abo rted  
fo e tu se s  w ith c l e f t  p a la te  had a sso c ia te d  m alform ations in  c o n tra s t  w ith  
tw en ty -five  percen t o f fu l l - te rm  in fa n ts  in  th e i r  s e r ie s  who had 
a sso c ia te d  d e fe c ts .
This p o s s ib i l i ty  has been considered  w ith  re sp e c t to  in d o sp ic in e . 
However, s t a t i s t i c a l  analyses o f l i t t e r  s iz e  and re s o rp tiv e  percentage 
show th a t  a t  l e a s t  fo r  the lower te ra to g e n ic  doses o f the  to x in  no 
s ig n if ic a n t  d iffe re n c e  o f l i t t e r  s iz e  e x is t s ,  thus im plying th a t  embryo- 
le th a l  s e le c tio n  i s  n o t g iv in g  a spurious s i t e - s p e c i f i c i t y  of the non- 
le th a l  d e fe c t, c l e f t  p a la te .
Although the und erly ing  mode o f a c tio n  o f in d o sp ic in e  i s  s t i l l  
unknown i t  i s  necessary  to  co n sid e r p o ss ib le  im p lica tio n s  o f i t s  embryo- 
pathogen ic  a c tio n  in  re sp e c t to  i t s  s i t e - s p e c i f i c i t y  of a c tio n . Because 
o f the  normal m andibular and gLossal development th a t  has been in v a r ia b ly  
p re se n t in  a ffe c te d  fo e tu se s , and because o f the normal development o f 
th e  tongue and mandible seen in  the morphogenetic study , i t  i s  reason ab le  
to  assume th a t  the p a la t in e  c l e f t  i s  n o t a secondary change due to  prim ary 
le s io n s  o f the  mandible or tongue.
One i s  thus fo rced  to  consider in  d e ta i l  the  s e le c t iv e  ac tio n  on the
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p a la tin e  sh e lv es them selves. A study of the h is to lo g ic a l  p a t te rn  o f the 
abnormal rudim entary shelves in  a ffe c te d  fu l l - te rm  fo e tu se s  shows a lo s s  
of a rc h ite c tu re  and p o la r i ty  w ith in  the mesenchymal elem ents th a t  
comprise the sh e lv es . Why th i s  occurs r a i s e s  im portan t q u es tio n s  of 
in d u c tan t mechanisms and competence o f re a c ta n ts .
The concept o f m esoderm al-inducing fa c to r s  i s  now w ell e s ta b lish e d  
in  experim ental embryology and a v a r ie ty  o f heterogeneous p ro te in s  
capable of m esoderm al-induction have been p a r t ly  defined  chem ically  
(Tiedemann and Tiedemann, 1959; Tiedemann, Born, Kocker-Becker and 
Tiedemann, 1965)*
R ecen tly , a m esoderm al-inducing f ra c tio n  has been is o la te d  from the 
r a t  l i v e r  (Wang, Mo and Shew, 1963)- This p ro te in  component has been 
p a r t ly  defined  chem ically , and w ill  induce pharyngeal t i s s u e s  from 
ectoderm al t i s s u e  in  the  Salamander, Cynops o r i e n t a l i s , in  v i t r o .  This 
p receden t r a is e s  an in te r e s t in g  p o in t of sp ec u la tio n  in  c o n sid e rin g  s i t e -  
s p e c i f ic i ty  e f f e c ts  o f  in d o sp ic in e . Although i t  i s  considered  most l ik e ly  
th a t  some lo c a l  e f f e c t  o f in dosp ic ine  on the p a la t in e  sh elv es i n i t i a t e s  
the u ran o sch ito g en e tic  sequence, in h ib i t io n  o f the  h e p a tic  p roduction  of 
a (h y p o th e tic a l)  s p e c if ic  in d u c tan t fo r  p a la t in e  d i f f e r e n t i a t io n  s im ila r  
to  th a t  shown in  the  salamander i s  an in tr ig u in g  concept. The 
c h a r a c te r i s t ic  form of h ep a tic  change produced by in dosp ic ine  makes th is  
p o s s ib i l i ty  amenable to  experim ental t e s t in g  and i t  i s  proposed to  t e s t  
th e  pharyngeal-inducing  p o te n t ia l  of the in dosp ic ine-po isoned  l i v e r .
I t  must be added, however, th a t in  genera l the concept o f c i r c u la t in g  
in d u c ta n ts  i s  n o t w ell accepted; r a th e r  i s  i t  th a t  competence develops
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in  la rg e  a reas o f the embryo w hile th e  in d u c tan t remains g eo g raph ica lly  
lo c a liz e d . In  o th e r words, s i t e - s p e c i f i c i t y  i s  due to  s p a t ia l  r e s t r i c t i o n  
o f in d u c tiv e - in te ra c t io n  be ing  imposed n o t by the r e a c tin g  system b u t by 
the inducing system (Yamada, 1967)* For th i s  reason i t  seems u n lik e ly  
th a t  in d o sp ic in e  a c ts  through the medium of i t s  hepa to tox ic  e f f e c ts  
although th i s  p o s s ib i l i ty  w il l  re q u ire  experim ental exclu sion .
R e la tiv e ly  su b tle  changes in  the inducing  fa c to rs  o f  an embryo are  
marked by profound d iffe re n c e s  in  embryonic e f f e c t .  For example, th e  
n o n -p re c ip ita b le  f ra c tio n  o f normal r a t  l i v e r  microsomes (prepared w ith  
streptom ycin su lp h a te ) w ill induce ectoderm al s tru c tu re s  in  a t e s t  system 
b u t th a t  from r a t  hepatoma prepared in  an id e n t ic a l  fash ion  induces 
mesodermal s t ru c tu re s  (Kawakami and I y e i r i ,  1962).
I t  i s  w idely h e ld  th a t  inducing f a c to r s  a f f e c t  the p a tte rn  o f p ro te in  
sy n th e s is  (B e ll , 1964) j and i t  has been suggested th a t  inducing m olecules 
a re  tra n sp o rte d  d i r e c t ly  in to  the nucleus o f re a c tin g  c e l l s  to  change the 
g e n e -u t i l iz a t io n  p a t te rn  (Yamada, 1967)* However, the chemical 
c o n fig u ra tio n  o f in dosp ic ine  has no resem blance to  th a t  o f fa c to rs  known 
to  cause mesodermal in d u c tio n .
I t  has been shown experim enta lly  (bo th  in  v i t r o  and in  vivo) th a t  
th e  p h y sica l presence o f the tongue and i t s  anatom ical ju x ta p o s itio n  to  
th e  fu s in g  p a la t in e  shelves s ig n if ic a n t ly  m odifies the  form o f the 
d e f in i t iv e  p a la te  (M oriarty  e t  a l . , 1963)* I t  i s  a lso  known th a t  f a i lu r e  
o f  in d u c ta n t- re a c ta n t co n tac t w il l  r e s u l t  in  f a i lu r e  o f in d u c tan t 
p ro c e sse s . The b e s t example o f th is  phenomenon i s  a ffo rded  by the 
example o f c e r ta in  anophthalmic s t r a in s  o f mice in  which the rudim entary
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optic vesicles fail to make contact with the overlying epidermis. As a 
result of this, induction of the lens does not occur even though the 
inducing and responding capacities of the two tissues remain unimpaired, 
and separately retain their competence (Chase and Chase, 1941)»
The histological studies described in this thesis have shown that 
teratogenic effects are seen in the palatine shelves prior to shelf 
rotation. There is thus no evidence to suppose that the inductant- 
reactant system does not form due to separation of the components by a 
physical agent, at least in the more anterior palatine zones. In the 
more posterior parts of the developing secondary palate failure of glossal 
descent probably does influence the definitive morphology of the lesion.
It is well known that both polyhydramnios (Kendrick and Weaver, 1963) 
and oligohydramnios (Trasler et al., 1956); Poswillo, I961) are associated 
with the production of cleft palate in Rodentia. If the fusion of the 
normal palate is dependent on critical concentrations of reactant and 
inductant it may be that these concentrations are altered beyond their 
biologically-aotive range by such changes in amniotic fluid volume. If 
the tongue is involved in this process of organogenesis transmission of a 
humoral inductant from it to the palate would thus be altered.
Another hypothetical cause of cleft palate morphogenesis related to 
the tongue could be loss of inductive capacity in the latter. The 
precedents for such a state are well known in experimental embryology, 
perhaps the best documented example being that of the wingless chick 
mutant in which absence of a mesodermal fantor responsible for the 
maintenance of the apical ectodermal ridge results in the latter losing
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its  capacity to induce limb outgrowth (Z evillin g, 1956).
That a hypothetical inductant potential of the tongue could be 
impaired by indospicine is  a p o ssib ility , but there is  no h isto lo gical 
evidence in the tongue of affected embryos (either at term or at earlier  
developmental stages) to give support to this concept.
Remarkably few chemical teratogens act with su fficien t s ite -  
s p e c ific ity  to allow one to focus chemical and more sophisticated methods 
of investigation on a localized anatomical area- Thalidomide is  probably 
the best example of such an agent, and it s  predilection for the le f t  
f ir s t  metacarpal bone in certain rabbit strains is  very strikin g (Peam 
and Vickers, I966). However, even in thalidomide embryopathy a wide range 
of other defects occurs involving alimentary, cardiovascular and renal 
systems (Peam and Vickers, I966; Vickers, 1967)* in spite of th is, the 
" la te ra lity  e ffe c t” of the drug, involving predominantly le ft-s id e d  f ir s t  
metacarpal bones, is  very striking. The basic causes for this are at 
present unknown.
The carbonic anhydrase inhibitor, acetazolamide, causes deficiencies  
of the ulnar elements of the right forelimb in rats (Layton and 
Hallesy, 1965)5 this drug, although not absolutely s ite -s p e c ific  is ,  
nevertheless, predominantly s ite -se le c tiv e . In a comparative study of 
the teratogenic effe cts  of tumour-inhibiting chemicals Murphy (1966) 
found that alkylating agents produced a higher incidence of encephaloooeles 
in experimental animals than did antimetabolites.
I t  is  considered that further investigation of the more fundamental 
action of these few s ite -sp e c ific  teratogens w ill be very fr u itfu l.
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Indospicine is highly site-specific and because of this will be a 
significant tool in the study of local factors which are operative in 
the development of the foetal palate.
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CHAPTER 23.
S truc Inore- Ac t ivi ty Relationships.
It has been shown in many biological systems that a particular 
biological property of a drug or toxin can be attributed to a specific 
molecular configuration. In the discipline of teratogenesis this theme 
is of particular importance as it allows one to classify series of 
teratogens, to predict the teratogenic action of other compounds, and to 
anticipate likely modifying agents which might influence the definitive 
teratogenic effect of the drug or toxin.
This concept has particular relevance to the teratogenic induction 
of cleft palate as several series of uranoschitio teratogens have been 
predicted from a knowledge of the basic chemical configuration of one 
member of the series. For example, azaserine (O-diazoaoetyl-L-serine) 
produces a high percentage of abnormalities among foetal rats to whose 
mothers the toxin has been administered. Cleft palate is one member of 
the non-specific embryopathic syndrome so produced (Murphy and 
Kamofsky, 1956; Thiersch, 1957a).
The basic action of azaserine, that of glutamine antagonism, 
suggested a similar teratogenic trial with DON - 6 diazo-5”Oxo-L-norleucine 
(Murphy, Dagg and Kamofsky, 1957; Thiersch, 1957b). Friedman (1959) 
subsequently reported that DON caused cleft palate and other defects in 
dogs.
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The spatial configurations of these uranosohitogenetic molecules
are t -
H 0 NH_ 0
I ii i 2 ii
N2 = C - C - 0 - CH2 - GH - C - OH 
O-Diazoaoetyl-L-serine (azaserine)
H 0
I IIN2 - c - c - ch2
NH„ 0
l ¿ IICH2 - CH - C - OH
6-Diazo-5-oxo-L-norleuoine (DON)
0 NH0 0
ii i 2 ii
NH2 - C - CH2 - CH2 - ch - c - oh 
glutamine
A similar example is that afforded by 5“fluoro-2-deoxyuridine (iUDR) 
whioh acts as a thymidine antagonist. The resulting embryopathy includes 
a very high incidence of cleft palate (Murphy, i960) and a diffuse non­
specific series of malformations including syndactyly, micrognathos and 
limb abnormalities. The relevant formulae arer-
0
HN
■0 ^  N
H
Thymine
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oIt is interesting to note that different groups of uranoschitogenetic 
chemicals can produce morphologically distinct types of palatine lesions. 
For example, Steffek et al. (196 7) demonstrated that hypervitaminosis A - 
induced clefts were quite distinct from those produced by members of the
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benzhydrylpiperazine series of compounds - the latter frequently 
producing gLossopalatine fusion as a concomitant.
The modification of the definitive teratogenic syndrome of a 
compound by the concomitant administration of a second agent is of great 
fundamental significance. The application of this conoept might allow 
one to attempt to modify the phenotypic expression of a known genotypic 
influence. With specific reference to cleft palate it has been shown 
(Murphy et al., 1957) that the simultaneous administration of nicotinamide 
with the non-specific uranoschitic teratogen 6-aminonicotinamide can 
prevent the production of congenital defects including cleft palate.
The relevant structural formulae are»-
N
Niootinamide
h2n
N
6-amino-nicotinamide
Sobel (19 5 8) showed that cortisone acetate produced developmental 
anomalies and somatic dwarfism in the chick if injected in a dose of 
1 mg per egg onto the chorio-allantoic membrane; and that these somatic 
effects could be both quantitatively and qualitatively reduced by treatment
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of the cortisone-injected egg with growth hormone. Using mice with a 
significant percentage of genetically-determined abnormalities Watney 
and Miller (1964) showed that the administration of cortisone (Days 14 
to 16 inclusive) reduced the incidence of developmental defects. However, 
Goldman and Yakovac (I964) showed that the incidence of salicylate-induced 
cleft palates could not be modified by concomitant cortisone administration.
It must also be recalled that Fraser et al. (1953) were unable to 
lower the incidence of cortisone-induced cleft palate in mice by the 
concomitant administration of testosterone propionate, DCA, insulin or 
vitamin B^* Similarly, Kalter (1959) did not succeed in decreasing the 
incidence of cortisone-induced cleft palate by a supplement of riboflavin.
From a study of these examples it can be seen that antagonism of a 
chemical uranoschitogen may result from the co-administration of a compound 
whose spatial configuration is not related to that of the parent 
uranoschitogen; nor can one extrapolate to the antithesis of this 
proposition, as the concomitant administration of an essential metabolite 
and its antagonistic uranoschitic teratogen does not always result in the 
suppression of the uranoschitogenetic effect.
For example, the co-administration of excess adenine or guanine with 
an otherwise embryolethal dose of 6-diazo-5~oxo-L-norleucine (DON) results 
in an increased percentage of embryos manifesting clefts of the lip and 
palate (Murphy et al., 1957)* Such results could be explained by 
postulating that DON has two quite distinct effects, an embryolethal effect 
and a teratogenic effect and that the concomitant administration of the 
purine base protects against the embryolethal influence thus providing a
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liv in g  embryo to manifest the remaining ( i .e .  teratogenic) action. An 
alternative p o ssib ility  is  that the embryolethal e ffect of the toxin is  
simply a quantitative extension of its  teratogenic e ffect; in this case 
the coadministration of the purine base simply reduces the mass-action 
effect by p a rtia lly  titra tin g  the more severe ( i .e . embryolethal) effects  
of the toxin thus reducing its  influence to that within the teratogenic 
range only.
The p ossib ility  of predicting the uranoschitogenetic potential of a 
drug or toxin is  best illu strated  by the example afforded by King et a l . 
(1965)* These workers used antihistamines containing the D-ethylamine 
grouping present as a ring structure as chemical uranoschitogens. They 
discovered that norchiorcyclizine was the basic metabolite to which active  
uranoschitogens of this gro\ip were reduced. They thus predicted that 
drugs whose biological catabolism resulted in the production of 
norchlorcyclizine would be uranoschitogenetic.
In this way i t  was demonstrated that chlorcyclizine and cyclizine  
were also mammalian teratogens with significant but not exclusive site -  
sp e cificity  of action on the developing palate. The relevant structural 
formulae arei­
c i
3 9 3 -
HC Cyclizine
/ \- N . N - CH
w
CIvV .HC - N, N - CH-, Chloroyolizineò w
Cl
HC - N NH Norchloroyolizine
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Drugs and toxins known to be uranoschitogenic axe shown in 
Appendix 4« From a study of their chemical structure, molecular weigiht, 
and known catabolic products it can be shown that no common feature 
exists which would link their structure (or sub-parts of it) with any 
consistent structure-activity relationship with respect to cleft palate.
The four most specific uranoschitogens - indospicine, diphenyl- 
hydantoin, cortisone and norohlorcyclizine - although producing similar 
phenotypic manifestations do not have structurai similarities*-
h2n.
HN
(ch2)4 - GH - m 2
COOH
Indospicine
Cl
Norohlorcyclizine
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Cortisone
King et al» (1965) have shown that the uranoschitogenic potential 
of an antihistamine depends on a tertiary amine in a heterocyclic ring 
attached to the methylene radical in a diphenylmethane molecule. Such a 
configuration does not exist in any of the other three chemical urano- 
schitogens which manifest site-specificity.
The metabolic interactions of indospicine are as yet unknown so 
that it is impossible to say with certainty what chemical products will 
form intermediates in the catabolic chain, assuming that one does exist. 
Because of the unusual nature of the indospicine molecule and because of 
the specificity of the enzyme systems which normally handle its component 
radicals, it is possible that it remains in biologically active form for 
relatively long periods.
For example, lorabricine, which has an araidine radical similar to 
that of indospicine, is biologically very stable and is refractory to the 
transamidination effects of arginase which could have been theoretically 
expected to split it.
Possible biological metabolic pathways of indospicine aret-
(i) incorporation of the indospicine molecule into 
a protein complex, i.e. to act as a direct 
competitive inhibitor of arginine;
(ii) undergo non-reversible hydrolysis to urea;
(iii) undergo transamidination reactions in which
the indospicine might act as the amidine donor 
with subsequent degradation of the caproic 
acid moiety.
The possibility of incorporation of indospicine into a protein 
molecule is a very real one - the abnormal hair protein found in human 
patients with arginosuccinuria forms a well-known analogy. If such a 
form of competitive inhibition did occur in the case of indospicine, a 
structurally incompetent protein molecule formed at critical sites of 
palatine development and closure would result in an anatomically defective 
pal ate.
Precedents for such competitive inhibition by amidine-containing 
molecules are well known in several biological systems. Walker (19 53) 
showed that canavanine competitively inhibited arginosuccinate formation 
from arginine and fumarate while arginine in turn competitively inhibited 
the canavanine-fumarate reaction. Walker used microorganisms as the test 
system and described the result as "a classical illustration of competitive 
inhibition between naturally occurring substances". His work further 
suggested that canavanine might inhibit the biosynthesis of.arginine 
which occurs via argininosuccinate. Later, it was shown that arginine- 
handling enzymes of many organisms "cannot distinguish completely between
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a rg in in e  and i t s  s t ru c tu ra l  analogue, canavanine" (Walker, 1956). 
Furtherm ore, i t  i s  a lso  known th a t  canavanine in h ib i t io n  o f the  growth 
of c e r ta in  m icroorganisms i s  com p etitive ly  reversed  by a rg in in e  
(Horowitz and Srb, 1948; Volcani and S n e ll, 1948)»
There i s  thus ample precedent to  p o s tu la te  th a t  i t  i s  p o ss ib le  th a t  
in d o sp ic in e  a c ts  by the mechanism o f  com petitive in h ib i t io n  o f a rg in in e . 
An apparent d i f f i c u l t y  in  the acceptance of such a theory  i s  th a t  in  the 
p re se n t experim ental study canavanine d id  no t cause any embryopathic 
e f f e c ts  in  a dose comparable to  th a t  of in d o sp ic in e , although both  are  
s t ru c tu ra l  analogues of a rg in in e  (F igure 3)* However, a c ru c ia l 
d iffe re n c e  between the two m olecules, canavanine and. in d o sp ic in e , i s  th a t  
w h ils t canavanine co n ta in s the common guanidine ra d ic a l  (and hence can be 
m etabolized by enzyme systems a lready  p re se n t in  Mammalia) in dosp ic ine  
has in s te a d  a corresponding  amid-ine ra d ic a l  whose mammalian metabolism 
i s  as y e t  u n c e rta in . Although i t  i s  known th a t  h igher anim als in g e s t 
p la n ts  co n ta in in g  canavanine (Walker, 1956) no re p o r t o f subsequent 
te ra to g e n ic i ty  has, as y e t ,  been forthcom ing.
The p i l o t  experim ents undertaken in  th i s  th e s is  support the 
hyp o thesis of com petitive  in h ib i t io n  o f a rg in in e  a lthough, because o f 
d i f f i c u l t i e s  o f in d o sp ic in e  supply, i t  has n o t been p o ss ib le  to  t e s t  th is  
theo ry  over the h ig h e r (and more c r i t i c a l )  te ra to g e n ic  dosage ranges. 
F u rth e r experim ents a re  planned to  e lu c id a te  th i s  p o in t. The hypo thesis 
o f com petitive  in h ib i t io n  o f a rg in in e  by in dosp ic ine  as a t  l e a s t  one o f 
th e  fundam ental causes o f c l e f t  p a la te  allow s one to  t e s t  the e f f e c ts  o f 
h igh“dosage a rg in in e  in  s t r a in s  o f mice w ith a high g en e tic  incidence of
398.
cleft palate - it would be most interesting to see whether the natural 
incidence could he modified by such therapy- It would also be 
interesting to test the effect of high-dosage arginine cover on the 
incidence of cleft palate produced by other site-selective uranoschito- 
genic chemicals.
The second hypothetical possibility of indospicine metabolism 
((ii) above) would follow the pattern
transamidinase wa,s active, the amidine group could be transferred to a 
donor, e.g. glycine, to form guanidoacetic acid as occurs in the mammalian, 
kidney.
It will be noted that in none of these hypothetical reactions does 
any metabolite appear which has any structural affinity or resemblance 
to the catabolic products of the other known site-selective urano- 
schitogens - cortisone, norchlorcyclizine or diphenylhydantoin.
Biological antagonism between structurally dissimilar compounds is 
well known (Woolley, 1952)- This sometimes occurs when a structurally 
dissimilar metabolite is a product of a reaction system which is inhibited 
by an antimetabolite; this causes antagonism of antimetabolite action 
even though no direct structural, similarity exists between the two
indospicine urea + caproic acid
The third possibility ((iii) above) suggests that, if an appropriate
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substances. (A good example of this is the antagonism of sulphadiazine 
and pteroylglutamic acid).
However, in the case of indospicine, as this molecule is not known 
to be the reaction product of any mammalian biological chain, it seems 
unlikely that its action occurs in this way.
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chapter 24.
Palate Development -  The Use of Indospicine 
in i t s  Experimental Study.
As in biology in general» developments in embryology have passed 
through three stages. With particular reference to the study o f palate  
formation i t  is  possible to trace these phases to some advantage as i t  
plaoes the present investigations of the uranoschitogenetic e ffe c ts  of 
indospicine in correct perspective.
The f ir s t  stage is  that of description and fa ct gathering and may 
be said to date from the early writings of His in the la te  nineteenth 
century. This was gradually replaced by an era of broader observation 
in which the significance of many of the morphological processes involved 
was partly c la r ifie d  by a correlation of findings from comparative anatomy 
and the elucidation of many common trends and principles involved. With 
particular reference to c le f t  palate Scott (I966) has stated that from 
an awareness of our shortcomings in knowledge in this phase "comes the 
stimulus for further research".
This leads to the third stage which is  that of experimental and 
an alytical study -  i t  is  this stage that Arey has described as "the most 
vigorous and promising branch of contemporary embryology". This stage 
may be thought of as commencing about the time that Warkany et a l. (1943) 
established a firm s c ie n tific  basis for the concept of palatine
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modification by environmental causes. The discovery that cortisone was 
a relatively site-speoific chemical uranoschitogen by Eraser and his 
research team in Canada gave further impetus to this experimental and 
analytical approach.
Á fourth phase is gradually being added to the now historical triad 
described above. This new and final stage - that of control of embryo- 
pathic processes - has of course not yet been achieved in Man although 
a start has been made in the experimental field* It must be remembered 
that such attempts at control in Man form the logical sequel to all the 
experimental endeavours undertaken in the complex study of abnormalities 
of palatine development.
The experimental approach in the present study described in this 
thesis has essentially traced the progressive themes described above - 
initial establishment of the unequivocal teratogenicity of indospicine, 
observation of its effects both from the point of view of pathogenesis 
and from that of the definitive lesion itself, correlation of data from 
different strains and comparative anatomical studies, and finally a study 
of factors which modify its teratogenic expressivity.
Species
The difficulty of choice of experimental animal is ever present in 
experimental embryology. Fortunately, in the study of palatine embryo- 
genesis the problem is less complex as, in general, different genera 
within Mammalia manifest essential morphogenetic features which are common 
to the Class as a whole. Many test species are available from which to 
choose. The basic palatine lesion has been demonstrated not only in
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Rodentia by many workers, but also in horses (Batstone, I966), dogs 
(Bleioher et al.. I965), rabbits (Painstat, 1954)» sheep (Reed and 
Snell, 1931)» in turtles, and in three different genera of snakes 
(Bellairs and Boyd, 1951)*
Many chemical uranoschitogens are species specific, e. g. diphenyl- 
hydantoin (Massey, 1966) and nicotine (Geller, 1959) in mice. Many 
others are species selective, e.g* cortisone in mice and rabbits. Most 
ohemical uranoschitogens show some relative strain selectivity within a 
species and it has been shown that indospicine is no exception to this 
trend. Praser and Painstat (1951) first showed that the incidence of 
cortisone-induced cleft palate varied according to the genetic 
constitution of the treated mice and this phenomenon weis subsequently 
confirmed by two excellent experimental reports (Praser et al.. 1953» 
ibid, 1955)* Buresh and Urban (1964) also produced cleft palate using 
cholesterol in their Snell-Supplee rats but these results have not been 
able to be reproduced in the Sprague-Dawley strain used in the present 
author's experiments.
Because one stimulus to the present experimental study haß been the 
testing of a leguminous toxin for biological safety prior to the wide­
spread introduction of the parent legume into this country, it is 
desirable to consider briefly the antithesis of species specificity - 
that is, the concept of universal teratogenicity throughout Mammalia by 
a specific potent uranoschitogen.
The confirmed human chemical teratogens - thalidomide, 
4~aminopteroylgLutamic acid, progestational agents and tetracyclines -
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have now been demonstrated to produce in selected experimental animal.a 
similar embryopathic syndromes to those encountered in the human species. 
That is, although in any specific case final tragic confirmation of 
chemical teratogenicity requires unequivocal association in a human 
infant proven by rigid retrospective (and in some cases prospective) 
study, all experience to date necessitates the exertion of extreme care 
in the exposure of pregnant women to a chemical teratogen proven in a 
test animal, and into which class indospicine now falls.
In the case of indospicine this is particularly important. Here 
one is confronted with a toxin that is a potent uranoschitogen, and, in 
the experiments described in Chapter 16, is active in at least two strains 
of noryegi cus and is active in different Genera (Mus and Rattus); some 
strain selectivity is manifested (56.1 percent in Sprague-Dawley and 
41.1 percent in Wistaxs) but this effect is minimal. Thalidomide, the 
potent human teratogen, also manifests strain selectivity in rabbits 
(Vickers, 1966). Both the strain of Sprague-Dawley used and the human 
species have a low but finite incidence of spontaneously affected 
individuals (less than 1 in 500). That is, in the experimental series, 
one is not simply raising a strong genetic predisposition to a slightly 
greater level, but one is imposing a potent uranoschitogenic influence 
that acts in spite of low genetic predisposition. The care required in 
the potential exposure of such a toxin to humans is obvious.
This wide species spectrum of teratogenic susceptibility together 
with the fact that indospicine is modified in its expression by factors 
known to influence human environmental teratogens (season, maternal age
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e t c . )  n e c e s s i ta te s  i t s  ab so lu te  ex c lu s io n  from the environm ent o f  the  
developing  human fo e tu s . This i s  fu r th e r  emphasized by the  f a c t  th a t ,  
as s ta te d  on page 14O, the  p a la te s  o f  Man and R odentia have very s im i la r  
com parative anatom ical f e a tu re s  (S te in ig e r ,  1940; Coleman, I 965) ;  even 
the  g e n e tic  tran sm iss io n  o f the  b a s ic  le s io n  i s  rem arkably s im ila r  in  
the two groups ( Gruneberg, 1952; Reed, 1963) .  Because o f t h i s ,  in  
co n ju n c tio n  w ith  Dr. M.P. Hegarty (S en io r B iochem ist, C .S .I .R .O ., B risbane) 
a  s tro n g  case has been maxie fo r  ex c lu s io n  o f th e  p a re n t legume u n t i l  more 
accep tab le  s t r a in s  ( to x in - f re e )  have been developed e i th e r  by s e le c t iv e  
b reed ing  o r by m utagenic i r r a d ia t io n  t r i a l s .
Sex
The in f lu e n c e  o f  f o e ta l  sex on the  p ro d uction  o f c l e f t  p a la te  rem ains 
an accep ted  f a c t  in  human cases b u t n o t in  c o n tro l le d  experim ental s e r ie s  
u s in g  t e s t  an im als. In  humans, the  fem ale preponderance in  i s o la te d  c l e f t  
p a la te  o f 3*5 * 1 acco rd ing  to  M ellin  (1963), and 2 t 1 (Fogh”Andersen, 
1942; Iv y , 19 51) i s  w e ll accep ted  bu t as y e t  unexp lained . I t  must a lso  be 
m entioned th a t  H ixon1s s tu d ie s  o f  the  p o p u la tio n  in  O ntario  (Hixon, 1951) 
showed a  fem ale-to -m ale  r a t i o  o f 11 « 9 only.
In  experim en tal c l e f t  p a la te  s tu d ie s  th i s  tendency has n o t been 
reproduced , k a l t e r  ( 1954) employed a  s o p h is t ic a te d  method o f a n a ly s is  to  
s tudy  th e  g e n e tic  s u s c e p t ib i l i ty  o f mice to  c o rtiso n e -in d u ce d  c l e f t  
p a la te  and found th a t  no s ig n i f ic a n t  sex  d if fe re n c e  was p re se n t among 
a f fe c te d  o f f sp r in g . In  an o th er experim ental study  Job e t  a l . (1935) used 
X - ir ra d ia t io n  as a  te ra to g e n ic  stim u lus in  r a t s  and found th a t ,  in  g e n e ra l , 
" th e  male i s  more s u s c e p tib le  to  an unfavourab le  environm ent than th e
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female". However, they also reported that "jaw defects seem to be an 
exception" to this general rule.
In experimental animals it is well recognized that certain hepato- 
toxins produce more severe lesions in female subjects than in males.
For example, both ethionine and methionine cause fatty change in liver 
tissue with greater facility in females than in males (Arton, 1959;
Natori, 1963). Christie (1966) has also observed that Indigofera spicata 
leaf-meal has greater hepatotoxic properties per unit mass in female rats 
than in males.
The study of the effects of sex on response to indospicine terato- 
genesis described on pages 319 to 321 reveals that indospicine, like 
cortisone, is not influenced by sex if the counts are performed on Day 21 
following Caesarean hysterotomy. In this feature the experimental model 
differs from the human situation. It must be stressed, however, that 
human figures refer to children at and after spontaneous birth, and 
Hixon (19 51) has stressed the uncertainty of the recording of congenital 
abnormalities among stillborn infants. To the author’s knowledge no large 
scale study of the sex incidence of cleft palate human subjects among 
all progeny has as yet been undertaken.
Maternal Weight
Kalter (1956) first demonstrated in mice that the susceptibility to 
the uranoschitogenic action of cortisone was inversely proportional to 
maternal weight if parity was constant. Also, since maternal age was 
proportional to maternal weight, increasing age also seemed to protect 
the offspring against the effects of the drug. McEvitt (1952) on the
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other hand demonstrated that, in humans, maternal or paternal age had no 
relationship to the incidence of cleft palate.
Indospicine acts similarly to cortisone in that increasing maternal 
weight (and therefore age) has a significant protective effect against 
the uranoschitogenetic action of indospicine even if dose-weight constancy 
is preserved (see pages 317“319)* This phenomenon is quite distinct from 
the protective effect of increased litter size (shown in Figure 16) 
because the maternal weight is measured at the time of conception. The 
mechanism underlying these two phenomena may prove to have a common basis.
The author can offer no new explanation for this phenomenon of 
protection afforded by increased maternal age and weight. The experimental 
results obtained in the present study do not selectively support any one 
of the many commonly-held theories that are used to explain it (e.g.
Kalter's fat-utilization and protein-sparing theory, decreased vascular 
permeability with increasing age theory, or the theory of increasing 
enzymatic sophistication with increasing age).
In strains of mice with a high incidence of spontaneous cleft palate 
due to a readily-identifiable gene the reverse situation has been found.
For example, Reed (1936a) showed that if no exogenous uranoschitogen is 
used, larger litters are more likely to have a higher incidence of cleft 
palate amongst their members than are smaller litters. Reed explained 
this phenomenon by postulating that some hypothetical substance 
"particularly concerned with the jaw and palate" was supplied by the 
mother in a certain finite quantity only, the smaller the litter the more 
of the supposed essential substance for each embryo.
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If such a situation does in fact exist, to reconcile these two 
apparent antitheses one would have to postillate that an exogenous 
uranoschitogen (e.g. indospioine or cortisone) had two distinct actions; 
firstly, a direct inhibitory effect on palatine development and, secondly, 
an effect on the hypothetical substance necessary for palatine integrity. 
This could be tested experimentally by plotting the "litter size 
protective effect" against litter size and comparing this ratio or trend 
with that obtained by plotting dosage against "dosage inhibitory effect" 
if litter size was constant.
It must be added that not all skeletal parameters are affected by 
litter size. For example, Green and Green (1946) using mice could 
demonstrate no variation in skeletal type with variation in litter size. 
Implantation Site
It will be recalled that some workers have demonstrated that 
implantation site influences embryonic susceptibility to known teratogens 
(Warkany and Schraffenberger, 1947)» although this effect is not 
universal (Green and Green, 1946). The results from the present 
experiments seem unequivocal in that indospicine-induced cleft palate is 
independent of uterine position although a right sided preponderance of 
implantations has been found. This does not necessarily mean that such 
an underlying "implantation site effect" is not operative, and the results 
could be interpreted by supposing that the potency of the teratogen is 
such that the more subtle influence of implantation site is swamped.
This, however, is quite speculative but the possibility could be excluded 
by a very large study using a dose of indospioine (say 0.25 -0.5 mg/gram)
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that was barely teratogenic.
Season
It is perhaps significant that season has a definite effect on 
indospicine-induced teratogenesis even in a "closed" animal house. It 
will be recalled (pages 305”310) that the toxin was more effective during 
Autumn (Australia) than during Winter; and that although the mean weight 
of control foetuses did not alter throughout the year, seasonal changes 
influenced the dwarfing effects of indospicine.
The reason for this remains obscure although the finding is in 
keeping with the fact that the incidence of many human environmental 
teratogens (albeit undefined specifically) have a strong seasoned 
influence (Edwards, I96I). Experimented ly, Landauer (1954) has shown 
that this phenomenon is not limited to Mammalia; he described a strong 
seasoned gradient in the insulin and boric acid induced malformations in 
chicks.
Whatever the influence is, it cannot be due to any cyclical variation 
in temperature, light or humidity as these have been controlled in the 
present experiments. It is probably due to some innate cyclic change in 
rodent metabolism (e.g. a "biological clock"); it is a universal 
observation in environmentally-constant experimental animal houses that 
other parameters of metabolism (e.g. both fertility and readiness to mate) 
vary in cyclic form.
It is interesting to recall that it was Hippocrates who first drew 
attention to the influence of season on disease - "whosoever wishes to 
pursue properly the science of medicine must ....  consider what effects
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each season of the year can produce; fo r  the seasons are not a ll alike, 
but d iffe r  widely both in themselves and at their changes".
Time Specif i c i t y
The time range o f teratogenic susceptibility  for  palatine development 
and closure varies with the teratogen; fo r  example, Fraser ( I 964) c ites  
a two-hour period on Day 13 as being the stage at which 5“ fluorouraoil 
exerts it s  maximum e ffe ct  in the mouse, whereas the period o f urano- 
schitogenic sensitivity  to X-rays is  o f bimodal form sind inoludes both 
the Day 8 stage sis well sis the Day 10 -  Day 12 period (Russell, 1954» 
Russell and Russell, 1954)« Time sp e c ific ity  with other teratogens 1ms 
also been defined within rather nsirrow lim its (Warkany, 1945»
Ingalls et a l . » 1950)«
The narrow temporal range during which indospicine is  uranoschito- 
genic is  interesting from severs!, points o f view. F irstly , as the toxin 
is  not active even as la te  as Day 12¿ i t  can probably be ewcepted as a 
working hypothesis that i t  is  metabolized such that a sub-teratogenic 
concentration only is  present by Day 13 when the developing shelves are 
susceptible to it s  e ffe cts . Secondly, as the toxin is  not e ffective  when 
given on Day 14 i t  can also be accepted tentatively that the in it ia l 
damage (which is  fin a lly  meinifested as a defin itive c le f t  at term) 
probably occurs at a c r it ic a l tempore!, range o f  development on Day 13«
This hypothesis is  supported by the h istolog ioal changes observed at the 
commencement o f Day 14« It can be seen from Figures 100 to 116 that 
although the palatine shelves eure rapidly developing on Day 14 they are 
nevertheless s t i l l  quite rudimentary, and i t  is  surprising that even at
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that early stage they have developed resistance to the uranoschitogenetic 
effects of the toxin.
This narrow temporal range of susceptibility agrees well with the 
concept of sequential and specific activation of different enzyme systems. 
Hepatotoxic Chemicals aid Cleft Palate
The possibility arises that indospicine acts via the intermediate 
phase of altered hepatic metabolism, and in view of this it is pertinent 
to examine the effects of other hepatotoxic agents on the developing 
foetus. Carbon tetrachloride, the most widely studied hepatotoxin, when 
given to pregnant mice does not cause malformations in surviving young 
(leaser et al., 1954» Wilson, 1954a).
The pyrrolizidine alkaloid, heliotrine, has been shown to be a 
potent hepatotoxin and to possess non-specific teratogenic properties 
(Green and Christie, 1961), one of which is cleft palate.
Selective liver toxins can be classed in a spectrum according to 
their cytotoxic potency. It is interesting to note that, broadly 
speaking, the index of cytotoxicity is inversely proportional to the 
teratogenic potency. For example, dimethyInitrosamine (DMN), a chemical 
highly toxic to the liver, has minimal teratogenic properties, heliotrine 
somewhat greater, and indospicine in low cytotoxic dosage is nevertheless 
a potent teratogen. It has also been shown (Pearn, I963) that thalidomide 
has hepatotoxic properties in fowls and this may be included in this scale 
at the most "benign" end of hepatotoxicity but with the most selective 
embryopathic effect.
Certain selective hepatotoxins, for example heliotrine and DMN, act
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as cytotoxic, carcinogenic and teratogenic agents. I t  is  known that these 
agents produce some of their biological effeots as alkylating agents and 
i t  has been suggested (Christie, I966) that the carcinogenic e ffect might 
follow alkylation of CHA and that protein synthesis inhibition might 
follow ENA alkylation. Whether or not alkylation of CNA could also 
account for the property of teratogenicity i s  an interesting p o ssib ility .
The cause of the hydrops fo eta lis  occasionally observed in the 
norvegicus strains but commonly seen in rattus remains uncertain. The 
foetuses exactly resemble human hydrops fo e ta lis  and further experiments 
are planned to study this phenomenon in greater d etail. Hydrops fo e ta lis  
in humans is  known to be associated with over twenty well-defined causes 
(B risco li, 1966), one of which is  foetal hypoalbuminaemia. This is  
particu larly  interesting as the present experiments have shown no evidence 
of haemolysis but a tendency to foetal hypoalbuminaemia.
I t  would be surprising i f  some degree of hypoalbuminaemia did not 
occur considering the degree of hepatic damage, both in mother and foetus, 
produced by the toxin, although this w ill require direct proof.
In the case of indospicine, i t  does not appear that the hydropic 
state and the embryopathogenesis of the palatine c le fts  are causally 
related. The great majority of foetuses with c le ft  palate were not 
hydropic, and indeed no evidence of diffuse hydrops was present even at 
e a r lie r  stages of gestation when the palatine shelves were forming; in 
addition, several very hydropic foetuses examined at term had intact 
palates.
Other workers have mentioned the occurrence of oedematous foetuses
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following the administration of chemical teratogens but no adequate 
explanation for the phenomenon has as yet been forthcoming (Boisselot, 
1948; ibid, 1949» ibid, 1951» Ancel, 1950c; Nelson et al«» 1952).
The abnormal enlargement of hepatic nuclei produced by indospicine 
is not specific for this compound (see Figures 278, 296 and 305)«
Nuclear hyperplasia with hyperohromatic nucleoli is a well-described 
phenomenon in aged Rodentia (Andrew, Brown and Johnson, 1943) and must 
not be oonfused with toxic change. Abnormal enlargement of hepatocyte 
nuclei has also been observed during the prolonged administration of 
many toxic agents including pyrrolizidine alkaloids (Bull and Dick, 1959)» 
thioacetamide (Rather, 1951)» azo dyes (Brock et al.. 1940) and 
dimethyInitrosamine (Christie and Le Page, I961). These agents are also 
teratogenic.
It is highly likely that these agents exert their teratogenic 
effects not through the pathway of non-specific hepatic damage but via 
some as yet undefined specific process. Maternal liver destruction with 
carbon tetrachloride at a dose sufficient to cause a twenty-one percent 
maternal mortality has been shown not to be teratogenic (Wilson, 1954a)» 
and it thus appears that acute hepatic failure per se is not the embryo- 
pathogenetic intermediary of other teratogenic hepatotoxic agents.
Although a number of plants other than Indigofera spicata produce 
potent hepatocellular toxins (e.g. Grotolaria and Senecio) none of these 
as yet has been incriminated as a teratogen. It is well aocepted that 
plants "develop1* the ability to synthesize complex and highly-specific 
toxins and in this way are protected from predators (Ehrlich and
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Raven, 1967)» To the present author's knowledge only one example of the 
toxins from suoh a plant (that from Veratrum californicum described by 
Binns et a l«, I965) imparting survival value to a plant species by i t s  
teratogenic effects  on the progeny of predators has as yet been 
described.
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CHAPTER 25-
S ig n ific an c e  o f Changes in  e x tra -p a la t in e  Organs 
and th e i r  R e la tio n sh ip  to  Indosp ic ine-induced  
C le f t  P a la te .
P la ce n ta
The d is c o id a l, cum ulate, dec iduate  r a t  p la c e n ta  i s  d e f in i t iv e ly  
haem oendothelial (Mossman, 1926; ib id ,  1937; Amoroso, 1952c), a sub-type 
of p la c e n ta  haem ochoria lis c a l le d  la b y r in th in e  by G rosser. Such a 
p la c e n ta l type, found s p e c i f ic a l ly  in  murine ro d en ts , i s  c h a ra c te r iz e d  
by i r r e g u la r  lo s s  o f ch o rio n ic  tro p h o b la s t , thus a llow ing  the  immediate 
ju x ta p o s itio n  o f m aternal blood and f o e ta l  endothelium . In  such a reas 
o f complete tro p h o b la s tic  d is s o lu tio n , th i s  fo e ta l  endothelium  com prises 
the so le  b a r r i e r  between m aternal and fo e ta l  c ir c u la t io n s  (see  F igure 260).
This concept i s  re le v a n t to  a c o n sid e ra tio n  o f l ik e ly  modes o f 
t r a n s f e r  o f in d o sp ic in e  to  th e  f o e ta l  c i r c u la t io n .  Although in  th e  
murine R odentia i t  i s  considered  th a t  most m a tem o -fo e ta l t r a n s f e r  oocurs 
v ia  the  haematrophe ro u te , n e v e rth e le ss  la rg e  s in u so id s  ( in  the  decidua 
and sy n c y tio tro p h o b la s t, and in  th e  endodermal s inuses o f th e  la b y r in th )  
probably a re  a sso c ia te d  w ith  a  s ig n i f ic a n t  h is to tro p h e  elem ent.
At the stage  o f g e s ta tio n  a t  which in d o sp ic in e  i s  given (bay 13) 
the p la c e n ta l type has alm ost com pletely evolved from i t s  e a r l i e r  
haem ochorial form to  th e  more m ature, d e f in i t iv e  haem oendothelial s t ru c tu re
415*
(Figure 262). This metamorphosis occurs independently of the type of 
initial implantation although this is almost exclusively eccentric in 
the %-omorpha (rats and mice) (Amoroso, 1952d).
This foetal endothelium is, however, not necessarily a simple 
structure; the use of alkaline phosphatase histochemical labelling (which 
reveals a higja concentration in syncytial trophoblast) shows that the 
endothelial barrier, across which the indospioine passes, oontains a high 
level of alkaline phosphatase. Hard (1946) has concluded that a 
functional syncytial membrane thus persists in intimate contact with the 
endothelium of the placental labyrinth.
Wislocki, Deane and Dempsey (1946), however, consider that the 
accumulation of alkaline phosphatase might be simply a manifestation of 
any biological limiting membrane between maternal and foetal circulations. 
Furthermore, although reversion to the morphologically simpler haemo- 
endothelial state has occurred, it may not necessarily have become 
functionally simpler as far as the function of its contained phosphatases 
are concerned.
In summary, therefore, histotrophe nutrition is minimal at the time 
of indospicine transfer and the toxin probably is involved in haematrophe 
transfer. Everett (1935) has shown that, in the normal animal, maternal 
blood is renewed every twenty minutes in the maternal labyrinthine sinuses. 
Although the transfer is probably rapid it cannot be yet denied that 
indospicine might be chemically altered in its transplacental passage.
As foetal nutrition is largely of the haematrophe variety it might 
be expected that decreased maternal blood flow and changes in the endo-
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thelium of foetal c a p illa r ie s  would, be sign ifican t with respect to foetal 
development. I t  has been seen, however, that although indospicine does 
cause some structural damage these changes are present in higher dosage 
only. They are not produced in the placentae of foetuses (with and 
without c le f t  palate) exposed to lower doses (O.5 0  mg/gram) of the toxin. 
Also, many cases of severe placental damage are associated with in tact 
palates.
Even in high dosage the endodermal sinuses of the labyrinth are not 
altered h isto lo g ica lly  (Figure 256) and i t  thus appears that indospicine 
does not act v ia any interference with histotrophe or haematrophe 
nutrition .
I t  i s  well known that, in Rodentia, amino acids enter the foetal 
compartment of the placenta with great f a c i l i ty ,  and that within th irty  
minutes equilibrium of amino acids between mother and foetus has been 
established (Adamsons, 19 6 5 ) * There i s  no reason to suspect that 
indospicine, an amino acid very sim ilar to arginine (see Figure 3), i s  
not transferred in a sim ilar fashion and indeed with increasing placental 
damage at higher maternal serum lev e ls i t  would seem lik e ly  that tran sfer 
i s  further enhanced.
The significance of the cysts (Figures 24Ö, 249 and 252), which are 
such a prominent feature of the indospicine-exposed placenta, i s  uncertain 
from the point of view of uranoschitogenesis. I t  w ill be recalled  
(page 204) that occasionally in the syncytiotrophoblast of oontrol 
placentae small cysts are observed and do not appear to be related  to any 
foetal abnormality. In le s se r  teratogenic doses of indospicine c le f t
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palates are produced without significant degeneration in the synoytio- 
trophoblastic layer.
In very high doses (3*00 mg/gram) it is probable that placental 
damage is at least partly responsible for foetal death. Other detrimental 
manipulation of placental integrity has been shown to act in similar 
fashion, e.g. resorption following the placental damage from maternal 
hypovitaminosis (Mason, 1935)*
In summary, therefore, it seems most likely that the placenta allows 
the passive transfer, across its matemo-foetal haemoendothelial barrier, 
of a chemical agent (probably but not definitely indospicine itself) 
which subsequently influences palatine development. There is no evidence 
to suggest that indospicine causes its teratogenic effects through the 
intermediate step of placental damage, although this may result in foetal 
death in the more severe cases following high dosage.
It is interesting to note that the uterine site of implantation has 
no influence on indospicine-induced cleft palate although such an effect 
has been demonstrated with cortisone (Eraser et al»» 1957)* In addition, 
no uterine histological ohanges have been produced by indospicine which 
might help to explain the abortifacient action of the toxin reported in 
other animals (Haarer, 1926; halziel, 1937» Hurst, 1942; Nordfeldt et al.♦ 
1952; I’reyre and Warmke, 1952). This is suggestive evidence that the 
toxin acts as an abortifaoient by its embryolethal properties rather than 
through any oxytocic-like action. The fact that severed litters of 
animals allowed to progress to spontaneous delivery also remained in 
utero for one or two days longer than the average for this species lends
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support to  th i s  view.
Umbili c a l Cord
I n te r e s t  in  the a s so c ia tio n  o f co n g en ita l ab n o rm alities  w ith 
u m b ilica l cord d e fe c ts  (e s p e c ia lly  the  absence o f an u m b ilica l a r te ry )  
has s tim u la te d  mammalian te r a to lo g is t s  to  examine u m b ilica l cords of 
anim als which m anifest co n g en ita l d e fe c ts  induced by chem ical agen ts 
( e .g . K a lte r  and Warkany, I 961) .
I t  can be co n fid e n tly  s ta te d  th a t in d o sp ic in e  does n o t produce i t s  
te ra to g e n ic  e f f e c ts  v ia  any change in  the s tru c tu re  o f the  cord a l  though 
i t  i s  s t i l l  th e o r e t ic a l ly  p o ss ib le  th a t  i t  could cause spasm o f um bilioal 
v e sse ls  -  th is  would o f course no t be rev ea led  in  the r e s u l t s  o f the 
h is to lo g ic a l  study d esc rib ed  in  Chapter 19* This i s  most u n lik e ly  a s  one 
would expect to  f in d  more w idespread e f f e c ts  than have been found due to  
th e  severe  anoxia th a t  would r e s u l t  i f  such a mechanism was, in  f a c t ,  
o p e ra t iv e .
Tongue and Lower Jaw
G reat con troversy  has raged over the ro le  o f the  tongue and o f  the 
low er jaw in  the genesis o f  c l e f t  p a la te . It has been w idely accepted  
s in ce  the time o f Pronhöfer (IB96) and von Winckel (I896) th a t  the 
in te rp o se d  tongue under some circum stances preven ted  the  fu sion  o f the  
two p a la t in e  sh e lv es (see  a lso  T andler, 1899)*
O rig in a lly  c a l le d  th e  German or "tongue in te rfe re n c e "  th eo ry , i t  
has been d e a r l y  summarized re c e n tly  by F rase r e t  a l . (1957)* The many 
known a sso c ia te d  c o n d itio n s  in  which the low er jaw i s  abnormal (both  
o ccu rrin g  spontaneously and experim enta lly -induced) have given support
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to this concept. In Man, the commonest quoted, instance is that of 
Pierre Robin Syndrome.
In contradistinction to this theory, other workers believe that 
cleft palate on the one hand and tongue and jaw defects on the other 
should both be considered as symptoms of prenatal environmental 
modification and not as direct cause-and.-effect relationships (Warkany 
and Deuschle, 1933)« Reed (1933) Ras stressed that, in strains of mice 
manifesting "genetic" cleft palate, the interposition of the tongue 
cannot cause the palatine shelves to remain separated as under all 
conditions it has withdrawn from the inter-palatine region by the time 
the abnormal shelves are ready to grow medially in the horizontal plane.
In this regard it is interesting to note that indospicine acts in 
very similar fashion to the genetic influence described by Reedj that is, 
the shelves themselves are rendered abnormal and the tongue exerts a 
secondary (though quite definite) role only. This is another 
justification for using indospicine to establish an experimental model 
of a congenital defect that is often genetically determined.
In the experimental field Landauer (1954) has reported extreme 
mandibular shortening associated with cleft palate in chicks exposed to 
boric acid and pilocarpine during embryogenesis. King (19^3)» using 
meclozine as a chemical uranoschitogen in Rodentia, produced cleft 
palate associated with brachygnathia and gl ossopalatine fusion.
Asling et al. (i960) produced micrognathia in association with d e f t  
palate and suggested that the micrognathia with resulting failure of 
tongue descent was the cause of the cleft. Abnormal mandibular
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development associated with cleft palate has also been described by 
Haskin (1948) and Warkany and Deuschle (1955)*
It will be recalled that indospicine does not produce micrognathos 
(page 191)> All foetuses from indospicine-treated mothers have 
manifested small but definite mandibular changes irrespective of whether 
or not a palatine cleft was present. Thus it may be confidently stated 
that indospicine does not exert its uranoschitogenetic action via any 
intermediate step of mandibular dysgenesis.
Many workers using a variety of chemical teratogens have produced 
severe mandibular defects without associated palatine changes (Warkany 
and Nelson, 1940» Kamofsky et al.. 1949» Wilson and Barch, 1949) •
Brunst et al. (1952) used spot X-irradiation (2OOO-4OOO r) to the lower 
jaws of twenty- to sixty-day old salamander larvae, thus stopping mitosis 
in the irradiated zone and causing the enamel epithelium to disappear; no 
secondary effects on the palate were produced.
Increased tongue pressure or even the physical presence of the 
tongue is not necessary for the production of cleft palate since human 
cases have been reported in which aglossia has been associated with cleft 
palate (Fulford, 1956).
It has been demonstrated that indospicine itself does not cause any 
glossal defects whatsoever (page 230, and Figures 77» 128 and 137) 
al though the absence of a moulding palate does result in increased 
prominence of glossal filiform papillae beneath the cleft.
Tongue pressure is certainly a modifying factor in the morphopatho- 
genetic changes observed in the unfused shelves prior to Day 17 “ see
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below. In addition, the occurrence of occasional foetuses with both 
epithelial and bony fusion in the anterior parts of the secondary palate 
in spite of a posterior cleft (Figure 53) supports the hypothesis that 
tongue pressure exerted posteriorly can be a modifying factor influencing 
the development of palatine shelves already rendered abnormal by 
indospicine.
The evidence from the study of isolated bones of the palate (see 
Chapter 9) unequivocally points to the fact that a continuous spectrum of 
bony changes may result, and that overt cleft palate is associated only 
with the more extreme forms of bony abnormality. The lateral and 
posterior displacement of the two pterygoid processes is so striking 
(Figures 41» 42 and 43) that it is difficult to conceive of any force 
other than that of the tongue being the causative agent. It will further 
be recalled that a relative oligohydramnios exists up to Day 14è (see 
Figure 3 10); this would further have the effect of bringing the tongue 
and developing palatine region together as some of the hydrostatic 
buoyancy of a normal complement of amniotic fluid would be lost. It will 
further be recalled that some oedema of the developing palatine region is 
produced by indospicine, and the transient weight increase of the whole 
foetus at this time (Figure 307) is probably due in part to generalized 
oedema. Both these factors would enhance the moulding effect of the 
tongue on the rapidly developing shelves, and a study of serial 
histological sections reveals that this effect is most important at and 
posterior to the palatine bone itself.
In summary, therefore, the relationship of the foetal tongue to
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indospicine-induced, cleft palate may be considered thus:-
(i) indospicine does not cause any primary anatomical 
change in the tongue itself;
(ii) minor changes are produced in the coronoid and
condyloid processes of the mandible but these have 
no causal relationship to the development of cleft 
palate;
(iii) the indospicine-affected palatine shelves are 
intrinsically abnormal and because of this axe 
unduly susceptible to the moulding influence of 
the normal tongue both before and after the stage 
when shelf fusion might be expected;
(iv) this moulding effect is most prominent in the
region of, and posterior to the developing paired 
palatine bones themselves;
(v) the influence of the tongue is probably augmented 
by closer juxtaposition of all parts involved due 
to relative oligo-hydramnios and tissue oedema for 
thirty-six to forty-eight hours after indospicine 
administration;
(vi) the tongue descends normally in spite of the
influence of indospicine with the result that it 
moulds palatine shelves that would never have 
fused in any case, rather than primarily separating 
the shelves that would have fused in the absence of
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the  in te rp o se d  tongue;
( v i i )  in doep ic ine-induced  c l e f t  p a la te  r e s u l t s  in  le s s  
f la t te n in g  o f g lo ssa l p a p il la e  which remain 
prominent -  th a t  i s ,  in doep ic ine  produces minor 
secondary e f f e c ts  on the tongue through the 
mechanism o f the c l e f t  i t s e l f .
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CHAPTER ?6.
Â Unifying Concept.
I t  remains to synthesize from the experimental results and 
theoretical considerations described in the preceding chapters a unifying  
ooncept to explain the uranoschitogenic action of indospicine.
The following hypothesis is  thus presented to (a) integrate the 
results of a ll  the experiments with indospicine, (b) to place these in 
perspective against the background of generally-accepted modem concepts 
of uranoschitogenesis, and (c) to suggest specific experimental studies 
for the future which would further eluoidate the embryopathogenic action 
of this s ite -sp e c ific  teratogen.
In an individuad subject from a susceptible species indospicine 
i t s e l f ,  or one of i t s  metabolic products, is  absorbed from the mucosa of 
the alimentary tract and carried to the maternal liv e r . This postulate 
can be accepted sis a working hypothesis since i t  he  ^ been demonstrated 
that parenteral injection of the pure crystallo id  w ill produce character­
i s t ic  hepatic lesions (Pound, 1966) similar i f  not identical to those 
produced by oral administration of the toxin.
I t  is  most lik e ly , but as ye t unproven, that the one substance 
(indospicine i t s e l f  or one of i t s  metabolic products) is  the potent
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hepatotoxin as well as the site-specific uranoschitogenic agent. A 
consideration of possible catabolic products and an assessment of 
possible metabolic pathways (see page 396) suggest that it is the 
amidine-containing indospicine molecule itself which is the biologically 
active substance.
The maternal liver is probably a primary barrier to the further 
spread of the uranoschitogen; often, foetuses from mothers with severe 
indospicine-induced hepatic lesions have intact palates, but in no foetus 
with indospicine-induced cleft palate has there been an absence of a 
concomitant severe and specific maternal hepatic lesion. It is possible 
that indospicine causes the release of another substance from the damaged 
liver which in fact is the active uranoschitogen but analagous precedents 
for such an effect are doubtful. Parabiotic studies and direct uterine 
artery c annul at ion experiments could shed more light on this point.
What does seem certain is that hepatocellular damage itself - 
although quite florid - is not the cause of abnormal foetal development 
since some potent hepatotoxins (carbon tetrachloride for example) in 
dosages sufficient to cause significant maternal mortality from hepatic 
failure possess no teratogenic properties in foetuses of the test species. 
For the purposes of discussion in the ensuing paragraphs it will be 
assumed that it is indospicine itself which is the active uranoschitogen.
The constantly observed seasonal and maternal age-weight factors 
which modify indospicine uranoschitogenesis are probably due to 
variations in "background" metabolic activity and it is probable that if 
such is the case these axe operating at the maternal hepatic level. Mich
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less lik e ly  p o ss ib ilit ie s  axe (a) such influences acting via the foetal 
liv e r  and (b) such influences acting d irectly  on the developing foetal 
palatine shelves themselves.
Indospicine then enters the maternal systemic circu lation  and passes 
to the uterus via the uterine arteries. In it s  passage through the 
uterus minor (but constant) h isto log ica l ohanges are produced but i t  
seems unlikely that these are causally related either to subsequent 
teratogenic e ffe cts  or to the abortifacient e ffe c t  o f the toxin noted in 
many species including Man.
Indospicine then passes to the placenta traversing the giant c e l l ,  
syncytiotrophoblastic and labyrinthine zones, and in it s  passage alters 
these h isto log ica lly  and probably pathophyBiologically in highly 
characteristic ways, e .g . by cyst formation in the syncytiotrophoblast.
I t  is  possible, but most unlikely, that these placental changes themselves 
comprise the important teratogenic factor by which sp ecific  palatine 
e ffe cts  are produced; however, i t  is  highly lik e ly  that indospioine- 
induced somatic dwarfism is  caused (or at least s ign ificantly  aggravated) 
by these placental changes.
It  is  considered most probable that the placental changes and 
palatine abnormalities are each separately due to the direct e ffe cts  o f 
the toxin rather than bearing a cause-and-effect relationship one to the 
other.
I t  is  doubtful whether the normal haematrophe nutrition o f the 
foetus is  s igß ifican tly  influenced by the toxin and i t  is  postulated 
that indospicine crosses the endothelial matemo-foetal barrier o f the
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rodent haemoendotheli&L labyrinthine placenta due to a simple 
concentration gradient. Due to the placental damage produced by the 
toxin and because of the unlikelihood of specifio enzyme systems being 
active to transfer the amidine-containing compound across the matemo- 
foetal barrier, it is unlikely that selective concentration of the toxin 
occurs in the foetal oompartment. This, it will be reoaLled, happens in 
the case of the guanidino-containing analogue, arginine.
Indospicine then passes via the qualitatively unchanged, but 
smaller foetal umbilical veins (principally the allantoic) to the foetal 
liver.
Here it is possible that metabolic reactions similar to those 
described in relation to the maternal liver take place, although because 
of the immaturity of the foetal liver at this stage (Day 13) they would 
of course be less sophisticated. It must be mentioned here that the 
narrow time-specificity of indospicine teratogenicity may have at least 
part of its explanation at this point in the sequence. It is most likely 
that time-specificity is due to changing sensitivity localized in the 
region of the developing palate itself, but it must be remembered that 
the liver is also developing rapidly at this time and its ability to 
detoxify this exogenous toxin may change critically during this period. 
What does seem certain is that time specificity of aotion is not related 
to maternal hepatic function.
It is most unlikely that changes observed in other foetal organs, 
e.g. the pancreas, are related causally to the development of cleft 
palate.
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The toxin now circulates in the foetal systemic circulation and 
acts particularly on the region of the developing palate - significant 
histological changes can be detected here within twenty-four hours of 
maternal administration of the toxin. The underlying biochemical nature 
of its action which is manifested in such specific anatomical changes 
remains uncertain and it has been beyond the scope of the present 
investigations to pursue this theme exhaustively. The importance of 
such studies cannot be too greatly stressed. It is highly possible that 
indospicine acts in part at least by competitive inhibition of arginine 
and several small experiments conducted in this study lend support to 
this view.
Whatever the underlying biochemical explanation for the toxin's 
uranoschitogenetic action, its definitive expression in a sequence of 
abnormal anatomical and dynamic changes is now clear.
The initial lesion produced by indospicine is a transient longitudinal 
bleb which disrupts the sub-epithelial mesoderm of each rudimentary 
palatine shelf. This change, which can be recognized within twenty-four 
hours of dosage with indospicine, is a manifestation of severe mesodermal 
disorganization. This fundamental disruption of an otherwise rapidly 
differentiating area is reflected also in the appearance of individual 
mesenchymal cells of which the area is largely composed. These cells 
manifest retarded differentiation and, very significantly, do not become 
aligned parallel to the surface layers. This loss of polarity of shelf 
cells is accompanied by some distortion in the shelf outline and by a 
temporary check in growth rate. These changes are readily visible within
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forty-eight hours of toxin administration.
During th is phase re lative  oligohydramnios occurs and is  probably 
accompanied by foetal oedema. Because of positional sh ifts  detected in 
the bones that form the posterior segment of the secondary palate i t  i s  
suggested that the tongue i s  brought into closer contact with the 
in tr in sica lly  weakened shelves by these two facto rs. This in turn 
accounts fo r spreading of the developing pterygoid processes and for the 
high doming of the palatine arch in the sa g it ta l  plane.
I t  appears s ign ifican t that abnormalities of the sphenoid complex 
that have been found in human cases of c le f t  palate (Moss, 1956) have 
their exact counterpart in th is indospicine-induced experimental model.
I t  i s  stressed  that the primary palate has formed completely by th is 
stage and i s  not affected  in any way by the pathogenetic procesa described 
above.
I t  i s  believed that a l l  foetuses axe affected by the toxin but that 
individual su scep tib ility  i s  a feature in the degree of fin a l expressivity 
of the tox in 's uranoschitogenio action. Cephalometric studies on fu ll-  
term foetuses have demonstrated conclusively that indospioine has 
fundamentally altered  palatine anatomy in a l l  oases exposed to a urano- 
schitogenic dose, irrespective  of whether or not an overt c le ft  has been 
produced. That i s ,  in many cases, in sp ite  of retarded sh elf growth, 
pathological sub-architecture of the sh elf and subsequent tenuous sh e lf 
fusion, nevertheless the palate may s t i l l  be constituted and have 
anatomical in tegrity .
In sp ite  of the serious and fundamental changes occurring in the
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palatine shelves, growth continues. By Day 16 prominent abnormally- 
dilated, sinusoidal vessels are seen and the mesenchymal cells of the 
shelves remain undifferentiated and manifest abnormal pleomorphism. 
Although vascular changes have been incriminated as the cause of some 
congenital defects (Tandler, 1699» Sanvenero-Rosselli, 1953) in the 
present instance the abnormal sinusoids appear well after the early 
pathological changes have become manifest in the shelf cells themselves.
The olosure of the normal palate occurs during a growth spurt that 
takes place over a twelve hour period between Day 16 and Day 17« Normal 
closure follows the co-ordination of three quite distinct kinetic 
elements - rotation, medial growth and fusion. In the more posterior 
zones of the secondary palate it has been suggested that medial growth 
and rotation occur simultaneously (Coleman, I965) and this has been 
confirmed in the study of normal palate closure undertaken in this 
investigation.
Evidence has been obtained during the present study to show that, 
in spite of indospicine effects, shelf rotation proceeds normally in 
the more anterior zones, but that in the mid-palate and posterior 
regions rotation does not ooour normally and is both retarded in rate 
and incomplete in degree. That is, one sequential factor in the 
causative chain that leads to cleft palate is the stunting and sub- 
arohitectural changes that occur in the shelf prior to the time of 
expected fusion.
Since it is postulated that the fundamental effect of indospicine 
can be detected two days prior to the expected time of palate closure
4 3 1 .
it should be possible to detect such abnormalities in the budding palatine 
shelves of Rodentia which have an intrinsic genetic predisposition to 
cleft palate. Unfortunately, most mutant strains of Mus have an 
associated cleft lip (Pitch, 1957) but it should be possible to breed 
a rat colony with the isolated lesion as a common genetic feature.
In the case of indospicine-induced cleft palate the tongue descends 
normally and its presence is not a causal factor in the primary genesis 
of cleft pedate. This is contrary to the postulate that the interposition 
of the tongue between the medially-growing palatine shelves is a necessary 
factor in the genesis of cleft palate (e. g. Burston, 1959)« Although the 
tongue descends normally it subsequently causes secondary modification in 
the shape of the now permanently-unfused shelves, especially in the 
posterior palatine zones. It will be recalled that rotation and medial 
growth were deficient in this area and the tongue now commences to produce 
a secondary derotation of the shelves in this zone.
Epithelial cells covering the shelves undergo normal pre-fdsion 
acantholysis and in some cases a form of tenuous shelf apposition occurs. 
However, as the mesoderm of the shelves is still grossly abnormal midiine 
mesodermal fusion does not take place and with the widening of the skull 
base due to differential growth the cleft again widens.
In no instance has there been any evidence to support the theory of 
retained midiina epithelial cell nests with cyst formation and subsequent 
rupture as a cause of the palatine cleft (e.g. Kitamura, 1966). The 
current experimental study has supported Scott's (1955) observations in 
human palatine tissues. Also, although mesoderm has not crossed the
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midline in those instances when the abnormal shelves have been apposed, 
this is a late phenomenon and a relatively crude assessment of 
indospicine-induced cleft formation. That is, one cannot support the 
concept of Stark's "failure of mesodermal penetration theory" (1954) 
as the primary cause of the lesion; in other words, in this type of 
cleft palate the underlying defect is a failure of organization and 
maturation of mesoderm which begins at and continues from the earliest 
stages of shelf growth.
The failure of fusion that occurs when shelf apposition has been 
attained (in spite of indospicine effects) could be explained by 
postulating the inclusion of indospicine (in place of arginine) in a 
structurally-incompetent protein molecule due to competitive inhibition. 
Such a precedent of an abnormal amino-acid causing structural defects 
by competitive inhibition of a normal amino-acid is known in the case 
of argininosuccinuria.
In the normal control foetus ossification is proceeding in the 
pterygoid bones and the basisphenoid complex by Day 19, but in the 
indospicine-affected foetus a syndrome of severe differentiation and 
maturation lesions can be readily seen. These include loss of 
mesenchymal, differentiation, loss of cell polarity, a failure of 
ossification and persistence of cellular pleomorphism - all as features 
of the basic mesodermal lesion at cellular level. At the tissue and 
organ level irregularity of shelf outline and derotation are clearly 
seen.
It is only on Day 20 that the first evidence of osteoblastic
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transformation occurs and by this stage the palatine shelves and skull 
base region have already been abnormally moulded. Thus ossification, 
when it belatedly occurs, finally sets the distorted bones and soft 
tissues of the region in their definitive positions.
Cephalometric studies have shown that the palatine bones themselves, 
at the apogee of the palatine arch, show greatest displacement and that 
the other bones which form the palatine skeleton move to a lesser extent 
in association with their vertical displacement. The effect of indospicine 
is such that even when no cleft palate is produced the palatine vault is 
rendered high and arched even when one takes into account overall 
reductions in skull size.
There is no evidence from this study to suggest that tooth 
abnormalities are in any way related to the cause of clefts of the 
secondary palate; i.e. there is no support in the case of indospioine- 
induoed cleft palate for the old Wamekros theory of uranoschitogenesis.
Several topics require further early investigation. The most 
pressing are detailed electron microscopic and biochemical studies of the 
indospicine-affected palatine shelves during the twenty-four hour period 
after indospicine dosage. Further elucidation of the cause of poly- 
dramnios and hydrops foetalis could also yield helpful information as to 
the cause of these conditions in Man.
This series of sequential postulates has been presented to explain 
the action of indospicine on the developing palate. Each of the 
composite steps in the teratogenic pathway requires further experimental
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elucidation to 
of the toxin, 
suggested. It 
the stage when
integrate the more fundamental embryopathogenie effects 
Various experimental studies for the future have been 
is hoped that such endeavour will bring one closer to 
abnormal palatine development can be modified in Man.
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ABSTRACT
This thesis incorporates the results of experimental investigations 
into the teratogenic and other embryopathic effects of the basic amino 
acid, indospicine.
It has been established that indospicine is a potent cleft palate 
teratogen in Rodentia and the effects of dosage time and dosage patterns 
have been elucidated. Indospicine is an effective teratogen when given 
as a single dose on the thirteenth day of gestation. It han further been 
demonstrated that this toxin is one of the most site-specific cleft 
palate teratogens known and the justification of using this agent to 
produce an acceptable phenocopy of the human lesion is discussed.
A detailed morphological study of the definitive cleft palate 
produced by indospicine has been undertaken using microdissection and 
serial sectioning techniques. The morphopathogenesis of indospicine- 
induced cleft palate has been elucidated by serial section studies of 
embryos from all stages of development of the palatine tissues.
Other experiments including lateral and basal cephalometry, 
radiography, histochemistry and amniotic fluid studies have been under­
taken.
From these combined studies it has been possible to postulate a 
series of sequential effects of indospicine on the developing palate. 
Within twenty-four hours of exposure to the toxin the developing palatine 
shelves manifest a number of characteristic mesodermal changes. These 
have been discussed in detail and evidence provided to demonstrate the
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maimer in which this basic mesodermal defect contributes to the formation
of the definitive palatine cleft. It has been found that the tongue 
plays a modifying but not a primary role in the embryopathogenes is of the 
abnormal palatine shelves.
It has furthermore been demonstrated that indospioine-induced cleft 
palate is but one extreme manifestation of a spectrum of palatine 
abnormalities that occur if a susceptible foetus is exposed to the toxin; 
even although overt cleft palate may not result from exposure to an 
uranosohitogenic dose, basal and lateral oephalometry and histological 
studies have shown that nevertheless teratogenic changes have been 
produced in the palatine sub-architecture. The range of teratogenic 
expressivity has been described and its significance discussed.
Prom these results a unifying theory of indospioine-induced cleft 
palate formation has been presented. In addition, a proposed experimental 
programme has been suggested to provide a guide for future relevant 
investigations in this subject.
The effects of indospioine have been studied in three strains of 
Eattus and in one strain of Mis; it has been shown that although the 
incidence of the palatine lesion is affeoted by the test animal used the 
teratogenic effects are not strain dependent.
Eight thousand foetuses have been studied in this investigation and 
the results have been subjected to full statistical and computer analysis. 
A discussion of the role of indospioine as a research tool is presented 
and the significance of indospioine as a cleft palate teratogen compared 
with other chemical and physical agents has been assessed. Pathological
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e ffec ts  on maternal and foeta l tissu e s other than c le ft  palate have also  
been studied. A summary of the conclusions reached has been included at 
the end of each chapter.
To place the experimental studies in perspective a lite ra tu re  
review has been presented. This has been subdivided into four themes. 
F ir stly , a review of the b io logical e ffe c ts  of Indigofera tox ic ity  has 
demonstrated many of the features which have led , in part, to the 
present author's in terest in th is toxin as a b io logical research tool. 
Secondly, a review of the various theoretical approaches to the causes 
of c le f t  palate has traced the growth of knowledge in th is f ie ld . 
Thirdly, a chronological summary of developmental embryology of the 
palate region has been included to show the background of normal 
development against which the toxin acts. Finally , a comprehensive 
review of the experimental production of c le f t  peliate has been under­
taken to place the present sp e c ific  studies of indospicine-induced 
c le ft  palate in perspective.
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APPENDIX 1 .
staining of
1. Collect vaginal smear using sterile platinum loop.
2. Spread smear onto cleaned glass slide.
3. Gently heat fix by passing rapidly through bunsen 
flame.
4 . flood smear with 0* 5 percent aqueous Chloramine T 
to dissolve mucus. Leave for five minutes.
5. Stain with 0.25 percent aqueous crystal violet 
for four minutes.
6. Wash gently with distilled water until trailings 
show no violaceous coloration.
7* flood with 95 percent ethyl alcohol for three 
minutes. Drain and repeat this step. This 
removes unfixed stain.
8. Counterstain with 1.0 percent aqueous Hose Bengal 
for one minute.
9* Wash with distilled water and dry by evaporation.
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APPENDIX 2.
Composition of Basic Food Pellets
Wheat 18% Liver Meal 5%
Wheat Bran 23% Sunflower Seed y¡°
Oats I896 Bonemeal 2.5^
Maize 9% Skim Milk Powder
Barley 8$ Fish Meal dfo
Lucerne Hay Meal y/» Food Yeast 1-5%
Supplemented per 100 Kg. with the following*-
Vitamin A 20 G
Vitamin D 1.5 G
Vitamin E 20 G
Vitamin B2 0.3 G
NaCl 400 G
FeS04.7H20 100 G
CuS04.5H20 6.6 G
MgS04.5H20 50 G
To this basio diet, offered ad libitum, is added bi-weekly oabbage 
and pumpkin supplement.
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APPENDIX 3.
Alizarin Red S Skeletal Staining
1. Fix twenty-one day-old foetuses in 10 percent formol 
saline for twelve to twenty-four hours.
2. Remove skin from trunk and dorsum and eviscerate 
abdomen.
3. Macerate with 2 percent KOH for twenty-four hours.
4* Remove obvious fat by sharp dissection.
5- Wash for twenty-four hours in gently-running water.
6. Bleach with 3 percent HgOg for six hours.
7» Wash for twenty-four hours in running water.
8. 2 percent KOH for twenty-four hours. Repeat if
necessary.
9» 2 percent KOH with 0.0025 percent Alizarin Red S
(Aqua Best.) for three days' staining; staining 
solution ohanged every twenty-four hours.
10. 2 percent KOH for twenty-four hours.
11. 70 percent ethanol for twenty-four hours.
12. 90 percent ethanol for twenty-four hours.
13* Cellosolve for twenty-four hours.
14. Benzol for twenty-four hours.
15* The stained and cleared foetus was then transferred to 
the mounting solution which consisted of a mixture ofi- 
Triocresyl phosphate 82.7 percent 
Tributyl phosphate 17*3 percent 
This mixture had a refractive index of 1.5334 which was 
nominally that of the cleared soft tissues of the 
specimen.
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List of Common Mammalian Chemical Uranoschitogens
Acetylsalicylic acid Hypervitaminosis A
Aminopterin Indospicine
Azaserine Meclozine hydrochloride
Buclizine Methyl folic acid
Caffeine Methyl salicylate
Chlorcyclizine Nicotine
Cholesterol Nitrogen mustard
Cortisone Norchlorcyclizine
Liphenylhydantoin Sodium salicylate
Hydrocortisone retate Trypan blue
Hydroxyzine Vincristine sulphate
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